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Summary 
 
 
This doctoral thesis deals mainly with the elaboration of new synthetic routes and self-
assembly studies of monodendrons with wedge-shaped molecular architecture.  
The synthesis, thermal behaviour, liquid-crystalline properties and the self-assembly in 
bulk and thin films of a series of wedge-shaped monodendrons with various length of the 
peripheral alkyl chains (different number of carbon atoms, i.e., C6, C12 and C16) 
functionalized with L-alanine at the focal point was studied. A combined differential scanning 
calorimetry (DSC) and variable-temperature optical polarizing microscopy (TOPM) analysis 
revealed that the monodendron with C6 is a crystalline compound with a melting point of 
131.2 °C.  Grazing-Incidence Wide-Angle X-ray Scattering GIWAXS studies of N-(3,4,5-
tris(hexyloxy))-benzoyl L-alanine in spin-coated films indicate that a crystalline material with 
molecules packed in an orthorhombic crystal system with lattice parameters: a = 39.1Å, b = 
16.4 Å, c = 9.7 Å, α = β = γ = 90° is formed. The unit cell contains eight monodendrons 
organized in four dimers connected by hydrogen bonds with the peripheral hexyl chains 
oriented normal to the substrate. The N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine displays 
complex thermal behaviour displaying highly ordered liquid-crystalline phase. At 
temperatures below 53 °C the molecules self-assemble into “smectic-like” phase 
characterized by an interlayer spacing of 43.0Å, but in the temperature range between 
approximately 53 and 76 °C the layer-like phase transforms into a more ordered hexagonal 
columnar phase with the lattice parameter of 43.6 Å. The molecules self-assemble in 
hydrogen-bonded hexamers organized on a hexagonal 2D lattice. In thin films, the columnar 
axes are parallel to the substrate plane. At room temperature GIWAXS pattern of N-(3,4,5-
tris(hexadecyloxy))-benzoyl L-alanine indicate the formation of a columnar rectangular 
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phase with the columns being parallel to the substrate (lattice parameters: a = 50.0 Å, b = 71.1 
Å). At 50 °C the rectangular columnar structure transforms to a monoclinic phase (parameters 
a = 43.0 Å; b = 16.8 Å; γ = 82.3°). The SFM analysis of monodendrons on HOPG showed 
that the monodendron with C6 self-assemble into supramolecular helical columns with a 
helical pitch of 13.2 nm, while the monodendron with C12 and C16 self-assemble into 2D 
columnar structures.  
A new low-symmetrical monodendritic molecule functionalized with a carboxylic acid 
group at the focal point, 3,4-bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic 
acid, was synthesized in high yield via a simple non-protecting group mediated route starting 
from gallic acid ethyl ester. The combined DSC and TOPM analysis revealed a monotropic 
liquid-crystalline phase on cooling between 38 °C and 14 °C. It was found that the extruded 
fibers of the low-symmetry monodendron exhibits a stable rectangular columnar crystalline 
phase and a monotropic smectic liquid-crystalline phase formed upon cooling from the 
isotropic melt. In the crystalline structure the columns are formed due to specific arrangement 
of crystalline and amorphous domains of alkyl chains. The 100 nm thick film reveals a 
hexagonal columnar phase with the columns oriented parallel to the substrate. 
The synthetic routes of three new monodendrons with pyridyl- and N,N-
dimethylpropyl- groups at the focal point, i.e., 3,4,5-tris(dodecyloxy)-N-(pyridin-4-
yl)benzamide, 3-(dimethylamino)propyl 3,4,5-tris(octadecyloxy)benzoate,  
3-(dimethylamino)propyl 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate as electron donor 
components for halogen-bonded charge transfer complexes were elaborated. Synthesized 
monodendrons were complexed with commercially available perfluorinated alkyl- and 
aromatic iodides yielding highly crystalline complexes that do not exhibit any thermotropic 
liquid-crystalline phases. 
Chemo-(enzymatic) synthesis of two new macromonomers containing an amide bond 
prone to form H-bonds, 3-(3,4,5-tris(dodecyloxy)benzamido)propylmethacrylate and 3-(3,4,5-
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tris(dodecyloxy)benzamido)propylacrylate was elaborated starting from commercially 
available gallic acid ethyl ester. Subjecting the monodendritic methacrylate to AIBN initiated 
free-radical polymerization in toluene lead to a high-molecular weight polymer (Mw = 
4.900.000, Mw/Mn = 39.2) as well as unconverted macromonomer. 
A synthetic route to new wedge-shaped monondendrons - N-(4-(3,4,5-
tris(dodecyloxy)benzyloxy))-benzoyl L-alanine methyl ester- and - N-(4-(3,4,5-
tris(dodecyloxy)benzyloxy))-benzoyl L-alanine was elaborated. The DSC analysis suggests 
complex thermal behaviour of the prepared monodendrons characterized by several first-order 
transitions. 
Well-defined poly(acrylic acid-co-allyl acrylate) statistical copolymers were 
synthesized in a controlled manner in two steps: first tert.butyl acrylate and allyl acrylate 
were polymerized via atom transfer radical polymerization (ATRP) and afterwards the 
tert.butyl protective groups were removed via hydrolysis. Samples of self-cleaning glass 
(SCG) were coated with thin films of poly(acrylic acid-co-allyl acrylate) and cross linked 
afterwards by UV irradiation (in the presence of a photoinitiator and an accelerator). Solution 
cast thin films were transparent and homogeneous before and after UV cross-linking. The 
coating prevented the spontaneous hydrophobization of the SCG by residual silicon exhaled 
from the sealing material. 
 
 
 
 
 
 
 10 
 
Chapter 1 
 
Introduction  
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The self-assembly of monodisperse building blocks into non-covalent nanostructures 
with precisely defined shape has recently attracted considerable interest not only in academia 
but also for applications in soft-nanotechnology as a bottom-up approach for the construction 
of molecular-scale devices and even in regenerative medicine.1,2 
Liquid crystals (LCs) are materials that can flow like fluids, but also have some of the 
regularity and direction-dependent properties (anisotropic properties) of crystals. The best 
known examples are the thermotropic liquid-crystals exhibiting different phases as a function 
of temperature that are used in displays of electronic devices.3 Columnar liquid-crystalline 
phase showing orientational and 2D or 3D positional order of the constitutive structural 
elements are usually generated from molecules with flat, rigid or semirigid cores surrounded 
by flexible peripheral chains resembling a disc or part of a disc, e.g., a wedge or a 
monodendron. The first columnar liquid crystals from hexaalkanoyloxybenzenes of disc-like 
architecture were discovered in 1977 by Chandrashekhar et al (Figure 1).4 
 
Figure 1 The molecular structure of haxaalkanoyloxybenzenes (R: alkyl chains with different length) 
 
In 1989-1990 Hawker and Fréchet introduced a very effective convergent synthetic 
method to poly(aryl ether) dendrons starting from commercially available 3,5-
bis(hydroxyl)benzyl alcohol6 (Figure 2). As an example, the first generation of poy(ary ether) 
dendrons prepared convergently starting from commercially available 3,4-bishydroxy benzyl 
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alcohol is illustrated in Figure 2. However, such a class of dendrons were oils or amorphous 
solids. 
 
 
 
Figure 2 The first generation (G1) non-self-assembling benzyl-ether dendrons6  
 
Percec et al. prepared benzyl ether dendrons functionalized with long alkyl chains at the 
periphery starting from commercially available gallic acid methyl ester yielding building 
blocks for columnar liquid crystals7 (Figure 3). 
 
 
Figure 3 The first generation (G1) self-assembling monodendron functionalized with long alkyloxy 
chains at the periphery synthesized convergently from gallic acid methyl ester7 
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Möller et al. designed and synthesized for the first time the wedge-shaped amphiphile-
polymer systems8,9 , i.e., the poly(vinylpyridene) linked via ionic interactions with wedge 
shaped monodendrons containing a sulphonic acid group at the focal point. A hexagonal 
columnar mesophase was observed at degrees of neutralization ≥ 80 % as concluded from 
fibre X-ray diffraction (XRD) studies.9  
 
 
Figure 4 Wedge-shaped monodendron with sulphonic acid group at the focal point linked via ionic 
interactions to poly(vinlypyridine) 
 
Today, monodendrons with wedge-shaped architecture (see Figure 3, 4) have become one of 
the most powerful building blocks for the formation of supramolecular columnar (liquid)-
crystalline assemblies without (Figure 3) or with a polymer chain penetrating  the centre of 
the column.7,8,9  
One of the main goals of the present thesis was the design and synthesis of new 
wedge-shaped monodendritic molecules functionalized with L-alanine at the focal point that 
self-assemble into helical columnar assemblies. Such monodendrons containing L-alanine at 
the focal point have the potential of forming complexes with organic polybases via H-bonding 
and ionic interactions yielding wedge-shaped amphiphile-polymer systems similar to the 
sulphonic acid monodendrons and poly(vinylpyridine) (Figure 4). Further literature analysis 
shows (see, for example, reference 7) that considerably less attention is paid to non-
symmetrical self-asembling dendrons containing gallic acid fragments, however, low-
symmetry monodendrons can self-assemble into unusual phases such as, ferroelectric 
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columnar phases. Therefore another goal of this thesis was developing new low symmetry 
monodendrons with a functional group at the focal point. 
Up to now, supramolecular columnar assemblies are formed via self-assembly of 
wedge-shaped molecules via H-bonding7 and ionic interactions.8 Although smectic liquid 
crystals via halogen-bonded charge transfer complexes have been recently prepared, there is 
no report in the literature concerning supramolecular columnar assemblies stabilized via 
halogen-bonding. Exploring halogen-bonding is a challenge not only in the field of columnar 
liquid crystals but in suparamolecular chemistry in general.  
In Chapter 2 the synthesis and surface self-assembly of a series of new wedge-shaped 
monodendrons with L-alanine at the focal point is described, while in Chapter 3 a discussion 
of the thermal behaviour and bulk self-assembly of the prepared nanostructures is presented. 
The design and synthesis of new low symmetry dendrons, i.e., 3,4-bis(dodecyloxy)-5-(3,4,5-
tris(dodecyloxy)benzyloxy)benzoic acid is reported in Chapter 4. The self-assembled 
structures formed by this compound in 2D and 3D were determined by synchrotron X-ray 
scattering and scanning force microscopy (SFM).  A packing model for the self-assembly of 
low symmetry monodendrons is proposed. Chapter 5 deals with a new concept, i.e., an 
attempt to obtain thermotropic columnar mesophases via self-assembly induced by halogen-
bonded charge transfer complexes of wedge-shaped and double wedge-shaped molecular 
architectures. The synthesis of new monodendrons functionalized with pyridyl and N,N-
dimethylaminopropyl groups at the focal point, their complexation with commercially 
available perfluorinated alkyl and aromatic iodides and their thermal behaviour is desribed. In 
Appendix A the synthesis and thermal behaviour of two new monodendrons functionalized 
with L-alanine at the focal point is presented. In Appendix B the synthesis of two new 
monodendritic macromonomers able to interact via H-bonding, 3-(3,4,5-
tris(dodecyloxy)benzamido)propylmethacrylate  and 3-(3,4,5-
tris(dodecyloxy)benzamido)propylacrylate -  and their polymerization is described. In 
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Appendix C a concept of a sacrificial layer for the protection of hydrophilic self cleaning 
glass from silicone residues has been presented. It was achieved via synthesis of a photo-
crosslinkable statistical copolymer - poly(tert.butyl acrylate-co-allyl acrylate). 
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Chapter 2 
 
 
Self-assembly in thin films of wedge-
shaped monodendrons functionalized 
with L-alanine at the Focal Point   
 17 
Introduction 
L-Alanine based amphiphiles represent an intriguing class of chiral organic materials 
self-assembling into various supramolecular architectures, for instance, vecicles1,2,3, helical 
ribons4 and ropes3, fibrious structures3 and tubular structures3, self-assembled H-bonding 
stabilized monolayers at the air/water interface5, etc. 
To create thermotropic or lyotropic hexagonal columnar mesophases, the molecules of 
wedge-shaped architecture derived from gallic acid are extremely powerful building 
blocks.6,7,8 Gin et al. synthesized and studied the self-assembly of 3,4,5-tris(11’-
acryloxyundecyloxy)benzoyl L-alanine (G).9 They found that G self-assemble to form an 
inverted hexagonal (HII) lyotropic liquid crystalline (LLC) phase. Unfortunately the authors 
did not studied the thermotropic liquid crystalline properties, neither their self-assembly in 
thin films, however, amplification of chirality of the L-alanine derivative in a supramolecular 
structure is expected.  
 
Scheme 1 Polymerizable L-alanine based amphiphile G forming an inverted hexagonal lyotropic 
liquid crystalline phase (Ref. 9). 
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To the best of our knowledge the structurally more simple N-(3,4,5-tris(alkyloxy))-benzoyl L-
alanine derivatives 6a-c with different length of the alkyl chains (Scheme 2) have not been 
synthesized and studied.  
 
 
Scheme 2 Investigated N-(3,4,5-tris(alkyloxy))-benzoyl L-alanine derivatives  6a-c. 
 
It was our particular interest to prepare such molecules and to study their self-assembly into 
supramolecular structures leading to helical columnar phases. 
In this work we will discuss the synthesis and self-assembly in thin films of 6a, 6b and 
6c by means of Grazing-Incidence Wide-Angle X-ray Scattering (GIWAXS) and Scanning 
Force Microscopy (SFM). 
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Results and Discussions 
 
Synthesis 
A simple synthetic route towards target molecules (6a, 6b and 6c) was developed. The 
synthetic strategy starts with the preparation of a series of well known wedge-like carboxylic 
acids 3a-c with different alkyl chain length  which exhibit a crystalline phase at room 
temperature and melts into the isotropic phase without displaying any mesophase.7 The 3,4,5-
tris(alkyloxy)benzoic acids (Sheme 1) were synthesized starting from gallic acid ethylester 1 
via etherification with  alkyl bromides, using K2CO3 as the base and DMF as the solvent 
according to the lietarature10 yielding esters 2a-c which were subjected to hydrolysis forming 
the corresponding acids 3a-c. In contrast to typical literature procedures transformation of 
carboxylic acid groups into acid chlorides were performed in excess of thionyl chloride which 
served also as the solvent of the reaction at + 60 0C for one hour. This modified procedure 
allowed to obtaine analytically pure 3,4,5-trisalkyloxybenzoyl chlorides 3a-c which after 
removing of the excess of tionyl chloride in vacuo, were analiticaly pure and thus suitable for 
further transformations without any purification according 1H- and 13C-NMR-spectra. Freshly 
prepared acid chlorides were treated with L-alanine methylester hydrochloride in chloroform 
in the presence of triethylamine as a base. After stirring at room temperature overnight, the 
reaction was completed and subsequent washing with water lead to the analytically pure 
esteramides   5a-c which were directly subjected to the hydrolysis reaction. After acidification 
of the reaction mixture, 6b and 6c crystallized from the reaction mixture, yielding products of 
high purity which were directly used for further characterization without additional 
purification, while 6a was recrystalized from ethyl acetate. 
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Scheme 2 Synthetic route for the preparation of a series of N-(3,4,5-tris(alkyloxy))-benzoyl L-alanine 
derivatives. Conditions: (i) CnH2n+1Br, K2CO3, DMF, 120 °C 24h; (ii) KOH, EtOH, H2O, reflux, 12h, 
then HCl (conc.); (iii) SOCl2, +60 °C, 1h  (iv) HCl⋅AlaOMe, N(Et)3, DCM,      0 °C to r.t.. 
 
 
Surface self-assembly of N-(3,4,5-tris(alkyloxy))-benzoyl L-alanine derivatives studied by means 
of GIWAXS 
 
A typical GIWAXS pattern of 6a recorded at room temperature is shown in Fig. 1. 
The observed reflections can be indexed to an orthorhombic crystal with the following lattice 
parameters: a=39.1Å, b=16.4Å, c=9.7Å, α=β=γ=90°. The c-parameter was determined from 
the corresponding peak on the pattern equator (not shown here). Based on density 
considerations, the unit cell of 6a contains eight molecules organized in four dimers 
connected by hydrogen bonds (cf. Fig. 1, right). In the spin-coated films, the hexyl side chains 
are oriented normal to the substrate, i.e. in the a-direction, as shown in Fig. 1 (right).  No 
structural changes were detected during heating of the film to the melting point at ca. 110°C.  
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Figure 1 A typical GIWAXS pattern of 6a recorded at RT revealing orthorhombic symmetry of the 
unit cell (left). A cartoon showing the structure of the unit cell of 6a containing eight molecules 
organized in four dimers connected by hydrogen bonds (right).   
 
The GIWAXS patterns of 6b recorded at room temperature and 60 °C are shown in 
Fig. 2. It was found that at temperatures below approximately 53°C the pattern reveals  a 
“smectic-like” phase characterized by an interlayer spacing of 43.0Å. This distance 
corresponds to the length of the molecular dimer. In a spin-coated film, the layers are found to 
be orient parallel to the surface. For the sample stored at room temperature no in-layer 
reflections were observed. Also, the peaks from the alkyl chain sublattice are absent from the 
patterns. In the temperature range between approximately 53 and 76°C the layer-like phase 
transforms into a more ordered columnar hexagonal Colh phase with the lattice parameter of 
43.6Å. Interestingly, the two phases coexist in a rather wide temperature range, which 
indicates a pronounced metastable character of the phases. Fig. 2 (right) shows a sketch of the 
structure at elevated temperature, where it is supposed that the molecules self-assemble in 
hydrogen-bonded hexamers organized on a hexagonal 2D lattice. In thin films, the columnar 
axes are parallel to the substrate plane, which is a usual observation for spin-coated films of 
columnar phases of supramolecular and covalent polymers.11,12,13 
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Figure 2 GIWAXS patterns of 6b recorded at room temperature and at 60°C (left). (Right) Cartoon 
showing the structure of the unit cell of 6b at elevated temperature (53 to 76 °C) at which the 
molecules self-assembled in hexamers forming supramolecular disks (right).  
 
It is noteworthy that during the transition from the smectic to the columnar phase on heating, 
the      a-parameter does not change significantly. Interestingly, after cooling to room 
temperature the hexagonal columnar phase is preserved. The latter probably indicates on 
important temperature hysteresis in the thermotropic behavior of compound 6b.  
At room temperature, the 2D GIWAXS patterns of 6c (cf. Fig. 3, left) indicate the 
formation of a columnar rectangular phase, with the columns being parallel to the substrate. 
The lateral lattice parameters are the following: a=50.0Å, b=71.1Å. The value of the c-
parameter cannot be determined from the GIWAXS patterns alone as the angle β is not 
known. The unit cell of 6c contains eight molecules (Fig. 4). Since the a-parameter is slightly 
smaller than the double molecular length (54.0 Å) one can suppose that the molecules are 
inclined with respect to the ab-plane by approx. 22°. In the spin-coated films, the a-axis is 
 23 
parallel to the substrate, so the side-chains are also parallel to the surface. The latter 
conclusion is in contrast to thin films of 6a and 6b discussed above. 
At 50°C the rectangular columnar structure transforms to a monoclinic phase with parameters 
a=43.0 Å; b=16.8 Å; γ=82.3°, which are close to that of 6a. As one can see (Fig. 3, right), the 
GIWAXS pattern at 60°C is less oriented compared to the initial one measured at room 
temperature. The film misorientation is probably caused by the onset of the dewetting 
process, which was observed via opticall microscopy. As a result of this process, the hk0 
peaks now appear mixed on the meridianal direction of the pattern. After cooling to room 
temperature the film structure does not reveal any further evolution.  
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Figure 3 GIWAXS patterns of 6c recorded at room temperature (left) and at 60°C (right). 
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Figure 4 Cartoon depicting the unit cell structure of 6c in rectangular columnar phase. 
 
 
 
Thin film morphology N-(3,4,5-tris(alkyloxy))-benzoyl L-alanine derivatives  
The structural investigation conducted so far has not shown any indication of chiral 
supramolecular self-assembly. As mentioned in the introduction, one of the aims of this study 
was to understand whether the molecular chirality can be expressed in the chirality of the 
corresponding supramolecular structures. In an attempt to reveal such a chirality, 
morphological studies using scanning force microscopy (SFM) were performed. The surface 
topography of 6a on HOPG shows elongated fine features coexisting with a featureless layer 
morphology (Fig. 5, left). The height shows a stepwise variation of 2.6 nm while the width of 
the elongated stripes is variable. The white arrows (Fig. 5, left) point at the stripes with a 
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width of ca. 18 nm formed at the edges of the featureless layer. It appears that locally the 
superstructures merge, as indicated by the arrows, to form a helical substructure. From the 
power spectral density function (Fig. 5, right) the periodic length (helical pitch) was 
determined to be 13.2 nm. This superstructure is metastable because it was observed to 
transform to a layered crystal during scanning (Fig. 6). During the transformation, the height 
of the steps was ca. 0.9 nm (Fig. 6); this value compares well with a spacing extracted from 
the GISAXS data (cf. Fig. 1). 
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Figure 5 Tapping Mode Height image of 6a on HOPG showing helical or twisted lamellae like 
structure coexisting with a featureless layer (left). Right: height histogram of the SFM image 
demonstrating a stepwise height variation and power spectral density function, which shows the in-
plane periodicity assigned to the helical pitch. 
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Figure 6 SFM micrograph of 6a on HOPG shows that while scanning the surface the helical 
superstructure transforms to a layered crystal. The arrow shows the remnants of the superstructure. 
The height distribution indicates the layering structure with an average step height of 0.9nm. 
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The surface morphology of a thin film of 6b on HOPG is shown in Fig 7. The micrograph 
clearly reveals a columnar superstructure without any indication of helicity. The in-plane 
periodicity is 4.6nm and the height is 3.8nm. These values suggest that the columnar axes are 
parallel to the substrate plane, as was found from the GIWAXS patterns (cf. Fig. 2). The 
surface morphology was not altered while scanning suggesting a rather stable structure. The 
GIWAXS data given previously showed that at room temperature the compound self-
assembles in a smectic-like phase, which transforms to a columnar hexagonal phase upon 
annealing at elevated temperatures. It was, however, pointed out that in thin films the 
hexagonal phase can be supercooled to room temperature. The d-spacing observed in Fig. 7 
(4.6nm) is indeed close to the unit cell parameter of the hexagonal phase assessed by 
GIWAXS (43.6Å), so that the phase can exist at room temperature not only on a silicon wafer 
but also on HOPG. 
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Figure 7: SFM image of a thin film of 6b on HOPG which shows the fibrillar structure (left). The 
corresponding power spectral density and a scheme depicting the structure of the adsorbed layer are 
shown in top right and bottom right panels, respectively. 
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Compound 5c self-assembles on HOPG to form a featureless layer with a thickness of 2.4 nm. 
The layer coexists with a molecularly-thick film of 0.6 nm height. This result suggests that at 
low surface coverage the longer axis of the molecule might be either parallel or normal to the 
substrate plane. These two orientations were also inferred from our GIWAXS measurements 
on thin films of 5a and 5b. However for example in the case of 5b the flat-on adsorption 
results in a well-defined in-plane structure (Fig. 7). The inset in Fig. 8 shows a FFT pattern, 
which displays the six-fold symmetry of the structure governed by the underlying HOPG 
substrate. Therefore in this case the self-assembled 2D structure can be largely determined by 
the epitaxy to graphite, which was found to significantly modify the 3D structure of wedge-
shaped molecules.14 The position of the intensity maxima in the FFT pattern (Fig. 8) shows 
two different periodicities of 4.6nm and 5.4nm suggesting two domain orientations.  
Comparison of the SFM thin-film results with the GIWAXS data leads to the following 
conclusions: (i) the layer with a thickness of 2.4 nm corresponds to the long molecular axis, 
and is approx. one half of the 100-spacing. (ii) The height of the flat-on adsorbed layer should 
be comparable to the c-parameter of the unit cell as it corresponds to the molecular thickness. 
(iii) The in-plane periodicity of the layer compares well to the lattice parameter a.  
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Figure 8: SFM height image of 6c on HOPG. Right image shows a layer-like film with an average 
height of 2.4nm while the left image displays the substructure of monomolecular layer with an average 
height of 0.6nm. The inset is a fast Fourier transform (FFT) of the image revealing the hexagonal 
symmetry of the structure dictated by the underlying HOPG surface. 
 
 
 
2.4. Conclusions 
 
GIWAXS studies of a series of N-(3,4,5-tris(alkyloxy))-benzoyl L-alanine (6a-c) demonstrate 
that the length of the peripheral alkyl chains (C6, C12, C16) has a dramatic influence on the 
structure and thermotropic behavior of the investigated compounds. Thus compound 6a (C6) 
exhibits a “smectic-like” structure which transforms in a monoclinic phase during heating 
with misorientation of the crystalline domains.     
During heating of 6b (C12) a columnar phase with orthorhombic symmetry transforms into a 
more symmetric hexagonal columnar phase Colh. The peripheral side chains are parallel to the 
ab-plane. During heating of 6c (C16) to 53 °C the orthorhombic columnar phase transforms 
into a less symmetric monoclinic lattice which reaches isotropization at 110°C. 
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2.5. Experimetal 
Materials 
1-Bromododecane (97%), thionyl chloride (SOCl2) (99+%), ethyl 3,4,5-trihydroxybenzoate 
(98%), and anhydrous potasium carbonate (K2CO3), natrium hydroxide (NaOH) were 
obtained from Aldrich and used as received. Dimethylformamide (DMF) was dried over 
calcium hydride (CaH2) for 12 h and distilled under vacuum. Triethylamine (Et3N), ethanol 
(CH3CH2OH) dichloromethane (CH2Cl2) and chloroform (CHCl3) were provided from Fluka. 
L-alanine hydrochlorid was pursued from Aldrich. 
Synthesis 
N-(3,4,5-tris(hexyloxy))-benzoyl L-alanine methyl ester (5a) 
Freshly prepared acid chloride 4a (0.64 g, 1.45 mmol, 1 eq) was dissolved in chloroform (40 
mL),   L-alanine methylester (0.18 g, 1.45 mmol, 1 eq) was added and cooled  to 0 °C. Then 
triethyl amine (0.3 g, 2.90 mmol, 2 eq) in chlorofom (5 mL) was added drop wise while  the 
temperature was kept below + 5 °C; the reaction mixture was stirred at room temperature over 
night. For work-up chloroform (150 mL) was added and the solution was washed 3 times with 
distilled water (50 mL). The organic phase was separated, the solvent evaporated and the 
residue dried in vacuo. A slightly yellow solid was obtained.  Yield: 85 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 1.23 (t, 9H), 1.33 (overlapped, m, 18 H), 1.81 (m, 6H), 3.79 
(s, 3H), 4.77 (q, 1H), 6.67 (d, 1H), 7.00 (s, 2H). 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.0, 14.1, 18.6, 22.6, 22.7, 25.7, 29.3, 25.7, 29.3, 30.2, 31.5, 
45.4, 48.5, 52.6, 53.4, 69.3, 73.4, 105.8, 128.8, 141.4, 153.1, 166.7, 173.8 ppm. 
N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine methyl ester (5b) 
Freshly prepared acid chloride 4b (2.3 g, 3.3 mmol, 1 eq) was dissolved in chloroform (40 
mL),   L-alanine methylester (0.46 g, 3.32 mmol, 1 eq) was added and cooled  to 0 °C. Then 
triethyl amine (0.67g 6.64 mmol, 2 eq) in  chlorofom (5 mL) was added drop wise while the 
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temperature was kept below + 5 °C; the reaction mixture was stirred at room temperature over 
night. For work-up chloroform (150 mL) was added and the solution was washed 3 times with 
distilled water. The organic phase was separated, the solvent evaporated and the residue dried 
in vacuo. A slightly yellow solid (2.21 g) was obtained. Yield: 88 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.27 (m, 54H), 1.50 (d, 3H), 1.81 (m, 6H), 3.79 
(s, 3H), 4.00 (m, 6H), 4.77 (m, 1H), 6.69 (d, 1H), 7.00 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.6, 22.7, 26.1, 29.4, 29.6, 29.6, 29.7, 30.3, 31.9, 48.5, 
52.5, 69.4, 73.5, 105.8, 128.8, 141.4, 153.1, 166.7, 173.8 ppm. 
N-(3,4,5-tris(hexadecyloxy))-benzoyl L-alanine methyl ester (5c) 
Freshly prepared acid chloride 4c (1.04 g, 1.21 mmol, 1 eq) was dissolved in chloroform (40 
mL), L-alanine methylester (0.152 g, 1.21 mmol, 1 eq) was added and cooled to 0 °C. Then 
triethyl amine (0.24 g 2.24 mmol, 2 eq) in  chlorofom (5 mL) was added drop wise while the 
temperature was kept below + 5 °C; the reaction mixture was stirred at room temperature over 
night. For the work-up chloroform (150 mL) was added and the solution was washed 3 times 
with distilled water (50 mL). The organic phase was separated, the solvent evaporated and the 
residue dried in vacuo. Slightly yellow solid was obtained. Yield: 80 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.26 (overlapped, m, 81 H), 1.81 (m, 6H), 3.79 
(s, 3H), 4.00 (t, 6H), 4.80 (q, 1H), 6.66 (d, 1H), 6.99 (s, 2H) ppm. 
N-(3,4,5-tris(hexyloxy))-benzoyl L-alanine (6a) 
N-(3,4,5-tris(dodecyloxy))benzoyl-L-alanine methyl ester 5a (1 g, 1.97 mmol, 1eq) KOH 
(0.44 g 7.88 mmol, 4 eq) in ethanol (30 mL) and water (5 mL) were refluxed for 12 hours and 
then cooled to ∼40 °C  and acidified with concentrated  hydrochloric acid to pH = 1. The 
resulting precipitate was filtered, and dried in vacuo. After recrystalization fron ethyl acetate a 
white solid was obtained. Yield: 93 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 1.33 (t, 9H), 1.32 (overlapped, m, 21 H), 1.80 (m, 6H), 4.02 
(m, 6H), 4.77 (q, 1H), 6.79 (d, 2H), 7.00 (s, 2H) ppm. 
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13C NMR (CDCl3/TMS/75 MHz/ δ): 14.0, 14.1, 18.2, 22.6, 22.7, 25.8, 29.3, 30.3, 31.6, 31.7, 48.8, 
69.4, 73.6, 76.6, 77.1, 77.5, 105.9, 128.2, 141.6, 153.2, 167.6, 176.7 ppm. 
N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine (6b) 
N-(3,4,5-tris(dodecyloxy))benzoyl-L-alanine methyl ester 5b (0.66 g, 0.87 mmol, 1eq) KOH 
(0.2 g 3.48 mmol, 4 eq) in ethanol (30 mL) and water (5 mL) were refluxed for 12 hours and 
then cooled to ∼40 °C  and acidified with concentrated  hydrochloric acid till pH = 1. The 
resulting precipitate was filtered and dried to yield a white solid 0.64 g. Yield: 87%.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.27 (m, 54H), 1.57 (d, 3H) 1.77 (m, 6H), 3.99 
(m, 6H), 4.76 (m, 1H), 6.80 (d, 1H), 6.99 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.2, 22.7, 26.1, 29.4, 29.5, 29.7, 29.7, 30.3, 32.0, 48.9, 
69.4, 73.6, 105.9, 128.2, 141.7, 153.2, 167.7, 176.5 ppm.    
N-(3,4,5-tris(hexadecyloxy))-benzoyl L-alanine (6c) 
Eester 6c (0.5 g, 0.547 mmol, 1eq) KOH (0.12 g, 2.19 mmol, 4 eq) in ethanol (15 mL) and 
water (3 mL) were refluxed for 12 hours and then cooled to ∼40 °C  and acidified with 
concentrated  hydrochloric acid till pH = 1. The resulting precipitate was filtered and dried to 
yield a white solid. Yield: 91 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.2, 22.7, 26.1, 29.4, 29.5, 29.7, 29.7, 30.3, 32.0, 48.9, 
69.4, 73.6, 105.9, 128.2, 141.7, 153.2, 167.7, 176.5 ppm.    
 
1H NMR (300 MHz) and 13C NMR (75 MHZ) spectra were recorded on a Bruker DPX-300 
spectrometer in chloroform (CDCl3) with tetramethylsilane (TMS) as internal standart at 20 
°C. 
For thermal optical polarized microscopy (TOPM) a Zeiss AXIOPLAN 2 polarizing 
microscope, equipped with METTLER FP 90 hot stage was used. Images were taken from a 
digital Zeiss AxioCam MRC4 camera in combination to the Zeiss AxioVision software.  
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Differential scanning calorimetry (DSC) DSC measurements were performed using a 
Netzsch DSC 204 unit. Samples (typical weight: 5 mg) were enclosed in standard Netzsch 
aluminium crucibles. Indium and palmitic acid standarts were used for calibration. The 
heating and cooling rates were 10 K min-1. 
X-ray Diffraction (XRD) experiments were carried out on the BM26B beam-line24 at the 
European Synchrotron Radiation Facility (ESRF) in Grenoble, France, with a Frelon CCD 
camera. The wavelength of 1.24 Å was used. Oriented fibers with diameter of 0.5 mm were 
extruded at room temperature after rapid cooling from melt using a home-made mini-
extruder. Variable-temperature measurements were carried out in a Linkam heating stage 
using acquisition time of 24 sec. Small-angle X-ray scattering measurements were performed 
with a 2D gas detector at a sample-detector distance of 1.5m. The modulus of the scattering 
vector s (s = 2sinΘ/λ, where Θ is the Bragg angle and λ - wavelength) was calibrated using 
several diffraction orders of silver behenate. 
Grazing incidence wide-angle X-ray scattering (GIWAXS) experiments were conducted 
on the ID10 beamline of the ESRF using the wavelength of 1.55 Å and incidence angle of 
0.2°. The samples for GIWAXS were prepared by spin-coating of 10mg/ml solution of A in 
chloroform on cleaned silicon wafers. The scattering was recorded with a MAR CCD camera. 
Scanning Force Microscope (SFM) The morphology of the thin films was investigated by 
using of a tapping mode SFM (NanoScope IIIa, Digital Instruments Veeco Instruments, Santa 
Barbara, CA) under ambient condition. Commercial available standard silicon cantilevers 
(PPP-SEIH-W from Nanosensors) with a nominal spring constant of 5 to 40 N/m and 
resonance frequency of 70 to 300 kHz were used. The topography and phase images were 
recorded, and the images were processed by using of Digital Instruments software, 
NanoScope, version 5.12r5.  
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Supporting information 
 
Temperature dependent SFM data of 6b 
 
 
 
 
 
Figure S1 SFM images of a thin film of 6b on HOPG at room room temperature which show the 
columnar structure (left - height image, right - phase image) 
 
 
 
 
Figure S2 SFM images of a thin film of 6b on HOPG at at T=60 ° which show the columnar structure 
(left - height image, right - phase image) 
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Figure S3 SFM images of a thin film of 6b on HOPG at at T=80 ° which show the columnar structure 
(left - height image, right - phase image) 
 
 
 
Figure S4 Power spectral density (in plane periodicity) of 6b at different temperatures 
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Chapter 3 
 
 
Self-assembly in bulk of wedge-shaped 
monodendrons functionalized with L-
alanine at the Focal Point   
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Introduction 
Beauty of helical geometry in Nature is reflected in the most essential molecules of 
life, i.e.,  right-handed (A and B forms) and left-handed (Z form) double helices of DNA1, 
right-handed  α-helix of natural polypeptides, right-handed triple superhelix built up from 3 
left-handed polypeptide helices of collagen as well as supramolecular helical rod architecture 
of Tobacco Mosaic virus etc.1 Synthetic helical architectures and supramolecular assemblies 
created by synthetic chemists inspired from Nature, includes helicates2, foldamers3, 
macrocycles3, tapered polybenzylether dendrons and monodendrons with alkyl chains in the 
periphery self-assembling into helical columns4, small disc-shaped molecules self-organizing 
into helical columns, for example, simple N,N’,N’’-tris((S)-3,7-dimethyloctyl)benzene-1,3,5-
tricarboxamide5, and monodisperse unconventional star-shaped molecules which self-
assemble into double helicoidal columns which were studied with synchrotron X-ray 
diffraction (XRD) technique and directly visualized using high-resolution atomic force 
microscopy (AFM).6 
Columnar liquid-crystalline phases are usually generated from molecules with flat, 
rigid aromatic cores surrounded by flexible peripheral chains resembling a disc or part of a 
disc, i.e., a wedge7. Molecular wedges can self-assemble into columnar structures without or 
with formation of a supramolecular disc7 which, in turn, stacks into columns usually 
stabilized by pi−pi interactions7, H-bonding7, ionic interactions8 as well as Van der Vaals 
interactions. 
N-Benzoyl alanine showed in Scheme 1 represents a core of wedge-shaped 
monodendrons described in Chapter 2 cf. Scheme 2. Surprisingly, the crystal structure of N-
benzoyl alanine was reported only recently.9 In the crystal structure of the N-benzoyl alanine 
there are O—H---O and N—H---O hydrogen bonds. Moreover the carboxylic acid proton 
forms a H-bond with the amide oxygen connecting the molecules into an infinitive chain 
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along b axis , while  H-bonds between amide protons and carboxylic acids connects the chains 
into a plane parallel to the bc plane forming monoclinic unit cell.  
 
Scheme 1 N-benzoyl alanine: crystalline compound with monoclinic lattice.9 
 
In Chapter 2 the synthesis and surface self-assembly of thin films of series of new 
wedge-shaped monodendrons functionalized with L-alanine at the focal point was reported. 
(Scheme 2). Here the bulk self-assembly of 6a, 6b and 6c (Scheme 2) studied by means of 
DSC, TOPM and XRD will be reported. 
 
Scheme 2. Investigated monodendrons 6a, 6b and 6c 
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Results and Discussion 
 
The influence of the length of the alkyl chains of the monodendrons 6a-c on the 
thermal transitions and the resulting supramolecular self-assembly was investigated by means 
of DSC together with variable temperature XRD.  
The DSC thermograms of compound 6a is shown in Figure 1 exhibit one endothermic peak 
with a maximum at 131.2 °C and a transition enthalpy of 18.5 kJ/mol. Upon cooling the 
sample re-crystallizes at 62.1 °C with a transition enthalpy of 12.1 kJ/mol. Furthermore the 
endotherm involved with isotropization suggests that 6a is crystalline throughout its whole 
temperature range. This was confirmed by variable temperature fibre x-ray diffraction of the 
compound, which showed a sharp XRD pattern characteristic of crystalline material (see 
Figure 2).  
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Figure 1 DSC curves measured for sample  6a during a cooling- and heating-cycle (dT/dt = 1°C min-
1). The optical micrograph depicts the texture that develops during heating at 85 °C. 
 
Figure 2a depicts 2D fibre x-ray diffraction pattern of 6a recorded at room temperature. The 
pattern displays a large number of sharp reflections which indicate a high degree of 
crystallinity of 6a at room temperature. The miller index and the d-spacing indicates that 6a 
form orthorhombic “smectic-like” crystals with lattice parameters a=29.3Å, b=19.8Å 
c=9.38Å, α=β=γ=90°. 
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Figure 2 (a) a 2D fibre X-ray diffraction pattern of 6a recorded at RT. (b) temperature dependent 1D 
X-ray diffraction (XRD) of 6a, the heating rate was 2.5°C/min. The line indicates splitting of the 
peaks which was assigned to the transformation of the orthorhombic to the monoclinic phase. 
 
The variable temperature XRD in Figure 2b shows that during heating some crystalline peaks 
are splitting, this is asigned assigned to a slight deformation of the unit cell forming a less 
symmetric less symmetric monoclinic lattice. This feature might be correlated to the tail of 
the endothermic peak measured by DSC. At 117°C the crystalline phase melts to form the 
isotropic phase. 
The compound 6b exhibits two reversible thermal transitions with maximums at 55.7 
°C (4.7kJ/mol) and 115°C (52.3kJ/mol), respectively (Fig. 3). The first heating cycle is also 
displayed which shows the impact of the thermal treatment on the phase transition this issue 
will be further discussed based on XRD analysis. Optical micrographs taken at different 
temperature shows texture typical for mesomorphic structure (see XRD analysis).  
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Figure 3 DSC curves measured for a sample 6b during a cooling- and heating-cycle (dT/dt = 1°C min-
1), except for the first heating run which was at 10°C min-1. The optical micrograph depicts a typical 
mesomorphic texture of the compound as it develops upon cooling from the isotropic state to 90 °C or 
to 50°C. 
 
Figure 4 depicts the fiber diffraction pattern of 6b at 40 °C and 90 °C. At room temperature 
and at 40°C the patterns correspond to a ‘’smectic-like’’ phase characterized by an 
orthorhombic crystal symmetry with lattice parameters a=32.6Å, b=14.3Å c=9.44Å, 
α=β=γ=90° (Fig 4a). In the temperature range 53-76°C the layer-like phase transforms into a 
more ordered columnar hexagonal Colh one (two phases coexists in a rather wide temperature 
range). Figure 4b shows the diffraction pattern recorded at 90°C attributed to a hexagonal 
phase with lattice parameters a=b=46.1Å, c=8.23Å, α=β=90° γ=60°.  
 43 
a b
   
a                                                                                  b 
Figure 4 Fiber X-ray diffraction pattern of 6b (a) at 40°C. Orthorhombic “smectic-like” phase 
a=32.6Å, b=14.3Å c=9.44Å, α=β=γ=90°, (b) at 90°C hexagonal phase a=b=46.1Å, c=8.23Å, 
α=β=90° γ=60° 
 
Annealing the sample at room temperature for several days reveals that the “smectic-like” 
structure transforms into a columnar one. The polar heads form the core of the column with 
the alky chains at the periphery. The molecules are organized into a columnar orthorhombic 
structure with lattice parameters: a=40.43Å, b=66.52Å and, c=8.01Å. The absence of the 001 
peak indicates that the unit cell is centered in c-direction. The alkyl chains are inclined by 13° 
with respect to ab-plane. 
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Figure 5 Temperature dependent 1D X-ray diffraction pattern of 6b acquired during a heating rate of 
0.5°C min-1. The arrows indicate the onset of the phase transition. The plots are intensities of 
equatorial reflections in SAXS and WAXS region of 6b at 50°C and 90°C. 
 
For this phase apart equatorial peaks the first layer line with meridional 001 peak is presented 
in Figure 6. It is important to note that in WAXS region meridian intensities at 50 °C and 
even more pronounced at 90 °C are present (Fig. 6) which strongly indicates that the columns 
are 3D, and probably have a helical structure.4 
 
Figure 6 Intensities of meridian reflections in WAXS region of 6b at 50°C and 90°C. 
 
Azimuth integration of the side chain’s sub-lattice peaks (Figure 7) shows that, at RT a-axis 
of the sub-lattice is inclined by 18.5° in respect to the fibre axis. The head groups form a 
columnar core by stacking perpendicular to the columnar axis. Parameters of the sub-lattice: 
centred, a=9.36A, b=4.88A, gamma=90°. 
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Figure 7:  Plot of the intensities of peripheral chains sub lattice of 6b as a function of the azimuth 
angle f at room temperature and at 85 °C. 
 
 
The DSC thermograms of 6c show multiple thermal transitions (Fig. 8). In addition the DSC 
trace shows that during heating cold crystallization occurs around 80°C.  However upon 
cooling only two endothermic peaks are observed with transition enthalpies of 39.5kJ/g and 
8.4kJ/g.  
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Figure 8: DSC traces of (6c) during a cooling- and heating-cycle (dT/dt = 1°C min-1), except for the 
first heating run which was recorded at 10°C min-1. Temperature dependent 1D XRD pattern of 6c 
recorded while heating from 30° to 120°C at a rate of 0.5°C min-1. The lines indicate the onset of cold 
crystallization and subsequent melting at high temperature. 
 
1D XRD pattern in Figure 8 shows the occurrence of a transition at 53°C and isotropization 
at 110°C. This suggests that upon heating to 53°C the molecules rearrange into a more 
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organized state. This apparent ordering corresponds to the cold crystallization exotherm 
observed in the DSC thermogram. At RT fiber XRD pattern Fig. 9a suggest columnar crystal 
structure with lattice parameters a=49.6Å; b=81.1Å; c=8.96Å. However, at 53°C the 
columnar phase directly transforms to  monoclinic smectic-like phase with lattice parameters 
a=42.87A; b=16.7A; c=9.21A; gamma=81.4° (Fig. 9b). Apparently the ratio of the volume 
fractions between molecular heads and alkyl chains appears to be not sufficient at high 
temperature for columnar packing and crystal structure similar to smectic C is more preferable 
for molecular packing. 
 
a b
 
 
Figure 9 Fiber 2D X-ray diffraction pattern of 5c (a) at room temperature XRD pattern suggest 
columnar orthorhombic phase and (b) at 70°C XRD pattern suggest monoclinic smectic-like phase. 
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Table 1: Thermal characterization of 6a-c using DSC analysis with corresponding (meso)phase 
determined from X-ray diffraction data. 
 
Compound φp, % Phase transition temperature (°C) and enthalpy change (kJ mol-1) 
  Heating   Cooling 
6a (C6) 61.5 Φ131.2(18.5)i i62.1(-12.1)k 
6b (C12) 74.5 Cr49.2(4.7) Cho115(52.3)i i88.3(-47.9)Ch43.1 (-5.7)k 
6c (C16) 79.2 Colrcr 16.7(12.4) k242.9 k83.2(6.7) 
k112.9(38.6)i 
i70.3(-39.5)Ch39.7(-8.4)k 
Tentative assigned transitions from X-ray diffraction data: k = crystalline phase, Colrcr = crystalline 
columnar rectangular phase, Colh = hexagonal phase, i = isotropic phase. φp is the volume fraction of 
the alkoxy chain (CnH2n+1O) φp = 3MP/MW, where MP- molecular weight of one alkyloxy (CnH2n+1O) 
chain, n = 6, 12, 16; MW molecular weight of the compounds. 
 
The DSC investigation and the X-ray difraction analysis show that the compounds 5a, 5b and 
5c before isotropization (melting) are organized in different (liquid) crystalline lattices. The 
results show that for short aliphatic chains crystallization dominates but as the length of the 
hydrocarbon exceed 6 carbon atoms the compound exhibit mesomorphic behaviour. 
 
Conclusions  
DSC and XRD studies demonstrated that the length of peripheral alkyl chain (C6, 
C12, C16 chain) have dramatic influence on the lattice symmetry (type) and lattice 
parameters of the investigated series 6a-c. 
Compound 6a (C6) organizes in a highly crystalline ‘’smectic-like’’ lattice with the 
orthorhombic symmetry which during heating transforms into least symmetric monoclinic one 
with following isotropization characterized by high transition enthalpy ( ∆Hm=37.4 J/g).    
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After annealing of extruded fibres of 6b (C12) and 6c (C16) at room temperature for 
several days, crystalline columnar rectangular phase Colr with the biaxial (deformed) 
columns arranged in orthorhombic lattice was observed. Peripheral alkyl chains form the 
sublattice, which is inclined by 18.5° in respect to the ab-plane for 6a (C12). Lattice 
parameters increase with increasing alkzl chain lenghth from C12 to C16 as a result of 
increasing the diameter of column. 
During heating of 6b (C12) ‘’disturbed’’ columnar phase with orthorhombic symmetry 
transforms into more symmetric hexagonal columnar phase Colh. The sublattice of peripheral 
side chains  now is parallel to ab-plane. Later at 115°C the isotropization of fibre occurs. 
During heating of 5c (C16) at 53 °C the orthorhombic columnar phase directly transforms into 
smectic-like phase with less symmetric monoclinic lattice which reaches isotropization at 
110°C without the formation of columnar phase. 
 
Experimental   
For Optical polarizing microscopy (OPM) a Zeiss AXIOPLAN 2 polarizing microscope, 
equipped with METTLER FP 90 hot stage was used. Images were taken from a digital Zeiss 
AxioCam MRC4 camera in combination to the Zeiss AxioVision software.  
Differential scanning calorimetry (DSC) DSC measurements were performed using a 
Netzsch DSC 204 unit. Samples (typical weight: 5 mg) were places in standard Netzsch 
aluminium crucibles. Indium and palmitic acid standards were used for calibration. The 
heating and cooling rates were 10 K min-1.  
X-ray Diffraction (XRD) experiments were carried out on the BM26B beam-line24 at the 
European Synchrotron Radiation Facility (ESRF) in Grenoble, France, with a Frelon CCD 
camera. The wavelength of 1.24 Å was used. Oriented fibers with diameter of 0.5 mm were 
extruded at room temperature after rapid cooling from melt using a home-made mini-
extruder. Variable-temperature measurements were carried out in a Linkam heating stage 
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using acquisition time of 24 sec. Small-angle X-ray scattering measurements were performed 
with a 2D gas detector at a sample-detector distance of 1.5m. The modulus of the scattering 
vector s (s = 2sinΘ/λ, where Θ is the Bragg angle and λ - wavelength) was calibrated using 
several diffraction orders of silver behenate. 
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Introduction 
Synthesis of multifunctional polymers is one of the main topics concerning 
contemporary macromolecular chemistry. Dendronized polymers1 represent an intriguing 
class of sophisticated functional macromolecules actively studied in the recent decade due to 
their interesting bulk- and surface properties with possible application, for instance, in soft-
nanotechnology1 and biomedicine.1,2 
In 1999, Percec introduced the term ‘mini-monodendron’3 to describe the first 
generation of 3,4,5-tris(alkyloxy) gallic acid derivatives as  maquettes3,4 for monodendrons 
and higher generation dendrons and dendrimers. Mini-monodendrons, also referred to as 
‘molecular wedges’5 is well known and extremely powerful architectural concept for the 
creation of supramolecular columnar nanostructures self-organizing into hexagonal- or 
rectangular liquid- crystalline or crystalline lattices5,6 and therefore are used as a building 
blocks by several research groups.6-10  
The most elegant way for the preparation of well-defined polymers with dendritic side 
groups appearing precisely in every repeating unit is a ‘macromonomer route’1, i. e., the 
polymerization of dendrons equipped with a polymerizable group. Numerous exiting 
examples concerning polymerization of monodisperse dendritic macromonomers not only via 
free-radical polymerisation, but also using precision polymerization techniques, such as, 
living anionic-, living cationic- , metathesis- and controlled radical polymerization are 
reported1. Unfortunately their preparation via the ‘macromonomer route’ is often difficult. An 
alternative approach for the synthesis of dendronized polymers are polymer analogous 
reactions, known as ‘graft-to route’.1 However, polymer analogous transformations usually 
are not quantitative, yielding dendronized macromolecules with structural defects, for 
example, without a dendritic side group appearing in every repeating unit1. To overcome this 
problem, an elegant approach is the use of highly reactive couplers ensuring quantitative 
conversion in polymer analogous reactions. Such highly effective couplers are, for instance, 
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five-membered cyclic carbonate couplers.11 Two different strategies were explored: i) 
synthesis of functional polymers with five-membred carbonate coupler as a side group12, ii) 
synthesis of functional couplers13 followed by reaction with a polyamine. 
Among other electrophilic five-member heterocyclic compounds azlactones are 
effective couplers, for instance, polymers containing pendant azlactones groups were reported 
to exhibit an excellent click-type reactivity with primary amines.14 Therefore functional 
azlactons would be valuable couplers for the preparation of well-defined macromolecules 
with pendant mini-monodendritic side groups, attached via azlactone ring-opening addition 
reaction. First, the azlactone precursor 3 (see Scheme 2) will be synthesized and its bulk- and 
surface supramolecular self-assembly will be studied using differential scanning calorimetry 
(DSC), thermal optical polarized microscopy (TOPM) and scanning force microscopy (SFM). 
Second, compound 3 will be cyclodehydratated to the corresponding azlactone 4 suitable for 
functionalization of polyamines or polyoles. 
The concept for the preparation of macromolecules jacketed with mini-monodendrons 
via functional azlactone coupling is illustrated in Scheme 1. In route A, racemic (R-, S-) 
alanine fragments are expected due to the acidity of the α-proton in the azlactone forming a 
resonance-stabilized carbanion (the specie 4’ proposed). On the other hand, dynamic kinetic 
resolution (DKR) of azlactones is a way to generate enantiomerically enriched alanine motifs 
within a polymer (route B).15  
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Scheme 1 Preparation of functional macromolecules (or surfaces) via azlactone coupling of a 
polyamine (A) and a polyol (B) 
 
 
Results and Discussion 
Synthesis of aylactone 4 
It was our aim to prepare a new functional mini-monodentritic azlactone coupler 4, 
which would be suitable for the functionalization of amino- or hydroxy groups bearing 
polymers, starting from gallic acid and L-alanine. We thought it would be desirable to address 
the phase behaviour of its precursor molecules 2 and 3 before the coupling of the synthesized 
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azlactone 4 with polyamines or polyoles allowing prognoses of the phase behaviour of 
functionalized macromolecules as well as better understand their supramolecular structure. 
In the Scheme 2, the synthesis of compounds 2, 3 and 4 is outlined. The known mini-
monodendritic acid chloride 1 was prepared according literature procedures starting from 
gallic acid ethyl ester.6 Freshly prepared compound 1 was reacted with L-alanine methylester 
hydrochloride in chloroform in the presence of triethylamine as a base. After stirring at room 
temperature overnight, the reaction was completed and subsequent washing with water lead to 
analytically pure N-acyl-alanine methylester, i.e., N-(3,4,5-tris(dodecyloxy))-benzoyl L-
alanine methyl ester 2 which was directly subjected to alkaline hydrolysis. After acidification 
of the reaction mixture, N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine 3 crystallized from the 
reaction mixture, yielding the product of high purity. 
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Scheme 2 Synthesis of N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine methylester 2,  N-(3,4,5-
tris(dodecyloxy))-benzoyl L-alanine 3 and it’s azlactonization to 4-methyl-2-(3,4,5-
tris(dodecyloxy)phenyl)oxazol-5(4H)-one 4. Conditions: i) HCl⋅AlaOMe, N(Et)3, CHCl3, 0 °C to r.t., 
over night; ii) KOH, EtOH, H2O, reflux, 12 h then HCl (conc.); iii) DCC, CH2Cl2, 0 °C to r.t., 24 h. 
 
The molecular structure of the prepared mini-monodendritic substances 2, 3 and 4 was studied 
by means of 1H NMR and 13C NMR spectroscopy in CDCl3. The 1H NMR spectrum of the 
amide 2 is given in (Fig. 1). The amide group (f) appears as a duplet at δ = 6.69 ppm 
suggesting the successful amidation reaction. Characteristic protons of the L-alanine motif of 
the monopeptide, i.e., the α−methyl protons (h) appears as a duplet at δ = 1.50 ppm, the α-
methine proton (g) appears as a quintet at δ = 4.77 ppm and the metoxy protons (i) appear as a 
singlet at δ = 3.79 ppm.  The integral ratio between α-methine proton (g) and aromatic 
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protons of gallic acid appearing as a singlet (e) is as expected 1:2 further confirming the 
molecular structure of 2. 
 
ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure 1 1H-NMR spectrum of N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine methyl ester 2      
(# - CDCl3) 
 
In the 1H NMR spectrum of 3 is presented in Figure 2. The singlet at δ = 3.79 arising from the 
metoxy- protons completely disappeared suggesting quantitative hydrolysis. The amide group 
(f) appears as a duplet at δ = 6.80 ppm proving that the amide groups remained intact. 
Characteristic protons of the alanine motif, i.e., the α−methyl protons (h) appear as a duplet at 
δ = 1.55 ppm and the α-methine proton (g) appears as a quintet δ = 4.76 ppm. The aromatic 
protons (e) appear as a singlet at δ = 6.99 ppm. The integral ratio between intensities of g and 
e is as expected 1:2 further confirming the molecular structure of 3. 
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ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure 2 13H-NMR spectrum of N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine 3 (# - CDCl3) 
 
The 1H NMR spectrum of 4 is depicted in Fig. 3. The spectrum shows all the characteristic 
signals for the azlactone 4 which is contaminated with diclohexyl urea (DCU). A duplet 
corresponding to the α-methyl protons (h) appear at δ = 1.59 ppm, a quartet corresponding to 
the α-methine proton appears at δ = 4.42 ppm. A singlet corsponding to the aromatic protons 
(e) is slightly down-field shifted in comparison with 3 and appears at δ = 7.18 ppm. The 
integral ratio between intensities of g and e is as expected 1:2.  
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ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure 3 1H NMR spectrum of 4-Methyl-2-(3,4,5-tris(dodecyloxy)phenyl)oxazol-5(4H)-one 3 (# - 
CDCl3, s- CH2Cl2, +- DCU) 
 
Furthermore the successful ring-closure reaction of 3 was proved by 13C NMR spectroscopy 
(Fig. 4). The carbonyl groups- and the carbon atoms of the phenyl ring of the azlactone 4 
formed and its precursor 3 clearly reveal the chemical modification. No trace of 3 can be 
observed suggesting quantitative conversion. The signals of the amide group (e) and (f) 
disappeared. New signal attributed to the sp2 carbon atoms of the azlactone ring in 2-position 
(e’) and 4-position (f’) appear at δ = 161.5 ppm and 179.1 ppm. Moreover the aromatic 
carbon (d) in 1-position of the 3,4,5-tris(dodecylocy)benzoyl motif is high-field shifted and 
gives a signal at δ = 120.2 ppm. 
 59 
ppm (t1) 100110120130140150160170180
ppm (t1) 100110120130140150160170180
OC12H25
OC12H25
OC12H25
O
N
O
Me
OC12H25
OC12H25
OC12H25
NH
O
Me
O
HO
a
bc
d
e
f
f e
b
a
d c
a
bc
d
cd
a
b
e'f'
e'
f'
 
Figure 4 Part of 13C NMR spectra showing carbonyl group- and aromatic region of of 3 and 4 in 
CDCl3. 
 
 
Conclusions 
The synthesized acid 3 was cyclo-dehydrated to the corresponding azlactone 4-methyl-
2-(3,4,5-tris(dodecyloxy)phenyl)oxazol-5(4H)-one 4. In our view 4 can be used as a effective 
functional coupler for the functionalization of polyamines or polyoles leading to functional 
polymers with mini-monodendrons as the side groups besides containing alanine motifs 
which are either racemic (R,S-) (in a case of  ring-opening addition with polyamines) or with 
increased enantiopurity (R- or S- ) (in a case of ring-opening addition via DKR of polyoles). 
We anticipate that linear polymers with mini-monodendronized side groups coupled via the 
azlactone ring will undergo columnar self-assembly. 
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Experimental 
Materials 
1-Bromododecane (97%), thionyl chloride (SOCl2) (99+%), ethyl 3,4,5-trihydroxybenzoate 
(98%), and anhydrous potassium carbonate (K2CO3), natrium hydroxide (NaOH) (Aldrich) 
were used as received. Dimethylformamide (DMF) was dried over calcium hydride (CaH2) 
for 12 h and distilled under vacuum. Triethylamine (Et3N), ethanol (CH3CH2OH) 
dichloromethane (CH2Cl2) and chloroform (CHCl3) were obtained from Fluka. L-alanine 
hydrochlorid was provided from Aldrich. 
Syntheses 
3,4,5-tris(dodecyloxy)benzoyl chloride (1) 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.27 (m, 54H), 1.83 (m, 6H), 4.01 (m, 6H), 
7.33 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 22.7, 26.0, 26.1, 29.2, 29.4, 29.5, 29.6, 29.7, 30.3, 31.9, 
69.4, 73.7, 110.0, 127.3, 144.8, 152.9, 167.7 ppm. 
N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine methyl ester (2) 
Freshly prepared 3,4,5-tris(dodecyloxy)benzoyl chloride 1 (2.3 g, 3.3 mmol, 1 eq) was 
dissolved in chloroform (40 mL),   L-alanine methylester hydrochloride (0.46 g, 3.32 mmol, 1 
eq) was added and the reaction mixture cooled to 0 °C. Then triethyl amine (0.67g 6.64 mmol, 
2 eq) dissolved in chloroform (5 mL) was added drop wise while the temperature was kept 
below + 5 °C. The reaction mixture was stirred at room temperature over night, diluted with 
chloroform (150 mL) and washed 3 times with 50 mL distilled water. The organic phase was 
separated, dried, the solvent was evaporated and the residue was dried in vacuo. A slightly 
yellowish solid (2.21 g) was obtained. Yield: 88 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.27 (m, 54H), 1.50 (d, 3H), 1.81 (m, 6H), 3.79 
(s, 3H), 4.00 (m, 6H), 4.77 (m, 1H), 6.69 (d, 1H), 7.00 (s, 2H) 
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13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.6, 22.7, 26.1, 29.4, 29.6, 29.6, 29.7, 30.3, 31.9, 48.5, 
52.5, 69.4, 73.5, 105.8, 128.8, 141.4, 153.1, 166.7, 173.8 ppm. 
N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine (3) 
N-(3,4,5-Tris(dodecyloxy))-benzoyl L-alanine methyl ester 2 (0.66 g, 0.87 mmol, 1eq) KOH 
(0.2 g 3.48 mmol, ethanol (30 mL) and water (5 mL) were refluxed for 12 hours, then cooled 
to ∼40 °C  and acidified with concentrated  hydrochloric acid till pH = 1. The resulting 
precipitate was filtered, and dried in vacuo to yield a white solid (0.64 g). Yield: 98%.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.27 (m, 54H), 1.57 (d, 3H) 1.77 (m, 6H), 3.99 
(m, 6H), 4.76 (m, 1H), 6.80 (d, 1H), 6.99 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.2, 22.7, 26.1, 29.4, 29.5, 29.7, 29.7, 30.3, 32.0, 48.9, 
69.4, 73.6, 105.9, 128.2, 141.7, 153.2, 167.7, 176.5 ppm.    
4-Methyl-2-(3,4,5-tris(dodecyloxy)phenyl)oxazol-5(4H)-one (4) 
Compound N-(3,4,5-tris(dodecyloxy))-benzoyl L-alanine 3 (0.4 g, 0.536 mmol, 1 eq) was 
dissolved in methylene chloride (10 mL) and cooled to 0 °C. A solution of dicyclohexyl 
dicarbodiimide DCC (0.122 g, 0.590 mmol, 1.1 eq) in methylene chloride (2 mL) was slowly 
added. After 10 min stirring the ice bath was removed and the reaction mixture was stirred at 
room temperature for 24 hours. Dicyclohexyl urea (DCU) was filtered, the solvent was 
evaporated and the residue was dried in vacuo to obtain 0.32 g (82 %) slightly yellowish solid 
contaminated with DCU. 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.27 (m, 54H), 1.59 (d, 3H), 1.80 (m, 6H), 4.01 
(m, 6H), 4.42 (q, 1H), 7.18 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.2, 22.7, 26.1, 29.4, 29.5, 29.7, 29.7, 30.3, 32.0, 48.9, 
69.4, 73.6, 76.6, 77.1, 77.5, 105.9, 128.2, 141.7, 153.2, 167.7, 176.5 ppm.  
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Techniques 
1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded on a Bruker DPX-300 
spectrometer in chloroform (CDCl3) with tetramethylsilane (TMS) as internal standart at 20 
°C. 
For Thermal optical polarized microscopy (TOPM) a Zeiss AXIOPLAN 2 polarizing 
microscope, equipped with METTLER FP 90 hot stage was used. Images were taken from a 
digital Zeiss AxioCam MRC4 camera in combination to the Zeiss AxioVision software.  
Differential scanning calorimetry (DSC) DSC measurements were performed using a 
Netzsch DSC 204 unit. Samples (typical weight: 5 mg) were enclosed in standard Netzsch 
aluminium crucibles. Indium and palmitic acid standarts were used for calibration. The 
heating and cooling rates were 10 K min-1. 
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Introduction 
Low-symmetry architecture of molecules can often lead to the formation of new exciting 
(meso) phases. Two most fascinating examples are the theoretically predicted chiral smectic 
C (SmC*) phases displaying ferroelectric properties1,2 and the biaxial nematic phases Nb from 
a boomerang-shaped molecules recently discovered by E.T. Samulski, et al.3,4. Such biaxial 
mesophases exhibit faster switching (orientation of molecules induced by an external 
electrical field) and therefore are superior in comparison with classical uniaxial nematic 
phases widely used in displays and other opto-electrical devices5. Other examples of low-
symmetry molecules are, for instance, banana-shaped-6 and hockey stick-shaped molecules7. 
Columnar liquid-crystalline phase (Col) showing orientational and 2D or 3D positional order 
of the constitutive structural elements8 are usually generated from molecules with flat, rigid9 
or semirigid10 cores surrounded by flexible peripheral chains resembling a disc8 or part of a 
disc, e.g., a wedge or a monodendron.11  Monodendrons can self-assemble into smectic or 
columnar phases with or without formation of supramolecular discs12 which can be, in turn, 
stacked into columns usually stabilized by weak interactions, such as pi−pi interactions,13 H-
bonding,14,15 and ionic interactions.16 Some of the most powerful molecular building blocks 
for supramolecular (hexagonal) columnar liquid-crystalline phases are                               
3,4,5-tris(alkyloxy)-,11,12 2,3,4- tris(alkyloxy)-17 as well 3,5-bis(alkyloxy)12 substituted 
benzene ring motifs of wedge-shaped architecture. 
 In contrast to deformed calamitic molecules with broken symmetry such as for example 
banana-shaped molecules, low-symmetrical monodendrons have attracted so far much less 
attention. It should be noted that hexagonal columnar mesophases formed by such kind of 
molecules could even be ferroelectric.18 In this work, we attempt to develop a new 
architecture of wedge-shaped amphiphilic molecules with low symmetry and explore its self-
assembling properties. The molecular core geometry explored here can be viewed as a hybrid 
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of two molecular wedges functionalized with a carboxylic acid group at the focal point (cf. 
Scheme 1).    
 
 
Scheme 1 Low symmetrical dendron  A developed in this work.  
 
 
Results and Discussions 
Synthesis 
It was our goal to prepare a low-symmetry benzyl-ether dendron with long alkyl chains at the 
periphery functionalized with a carboxylic acid group at the focal point. To this end we 
developed a simple synthetic route. Synthesis of the target low-symmetrical dendron A via the 
asymmetrically substituted ester 2a does not necessitate protective groups (Scheme 2) and is 
based on the fact, that the nucleophilicity of the hydroxy group in 4 position of gallic acid 
ethylester 1 is higher than that of the hydroxy groups in 3 and 5 position. Etherification of 
gallic acid ethylester 1 with 2 equivalents of 1-bromododecane (Scheme 2) yields a mixture of 
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ethyl 3,4-bis(dodecyloxy)-5-hydroxybenzoate 2a, ethyl 3,4,5-tris(dodecyloxy)benzoate 2b, 
and 4-(dodecyloxy)-3,5-dihydroxybenzoate 2c. According to 1H NMR analysis the ratio of 2a 
: 2b : 2c is as expected ca. 2 : 1 : 1. Pure products were obtained via column chromatography 
using silica gel as stationary phase and a solvent mixture of hexane/ethyl acetate (9/1 v/v) as 
eluent.  
 
Scheme 2 Etherification of gallic acid ethyl ester with 2 eq of 1-bromododecane. Conditions: 2 eq 
C12H25Br, 2 eq K2CO3, DMF, 120 0C, 24h.  
 
Higher generation low-symmetrical benzyl ether dendrons were obtained starting with ethyl 
3,4-bis(dodecyloxy)-5-hydroxybenzoate 2a and ethyl 3,4,5-tris(dodecyloxy)benzoate 2b 
(Scheme 3). Etherification of 2a at the 5 position with 5-(chloromethyl)-1,2,3-
tris(dodecyloxy)benzene 4b obtained from 2b via reduction with LiAlH4 and subsequent 
conversion of the hydroxymethyl group of 3b into a chloromethyl group using thionyl 
chloride resulted in the desired low symmetric ester 5 in quantitative yield. Finally, ester 5 
was hydrolyzed to the corresponding acid A, which was isolated as a white powder. 
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Scheme 3 Synthesis of 3,4-bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic acid (A). 
Conditions: i) LiAlH4, THF, 0 °C-r.t., then NaOH/H2O; ii) SOCl2, DCM, 0 °C-r.t. iii) KOH, EtOH, 
H2O, reflux, then HCl (conc.) 
 
The NMR spectra of of 2a, 5 and A are shown in thesupporting information. 
 
Phase behavior of compound A 
The combination of differential scanning calorimetry (DSC), variable temperature polarizing 
optical microscopy (POM) and X-ray diffraction was used to address the phase behavior of 
compound A. The DSC traces of this material obtained during the first heating showed only 
one endothermic peak with a maximum at 72 °C and a high transition enthalpy of 92.3 J/g 
(Figure 1). According to POM investigation, this peak corresponds to the isotropization of 
the crystalline phase. During the cooling run two distinct exothermic peaks at 38 °C (-4.50 
J/g) and 14 °C (-24.7 J/g) characterized by small transition enthalpies were observed. Upon 
cooling from the isotropic melt compound A revealed a fan-shaped texture in POM (Figure 
2). This texture is typical of a smectic or columnar liquid-crystalline phase. It is likely that 
this compound crystallizes upon further cooling to 14 °C since the enthalpy of this transition 
is rather big. The DSC curve obtained during the second heating appears to be very complex: 
a number of endothermic and exothermic peaks are present. Apparently this compound 
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undergoes several phase transition before isotropization. In order to identify the phases 
formed by compound A we have carried out synchrotron X-ray diffraction measurements at 
variable temperature. 
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Figure 1 DSC trace of compound A. Heating rate: 10 °C min-1during 1st heating (1) cooling (2) and 2nd 
heating (3) runs. 
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Figure 2 Liquid-crystalline texture of compound A at 40 °C formed on cooling from the isotropic 
phase at a rate of 10 °C/min. (200 X) 
 
X-ray diffraction analysis of A 
The temperature-dependent X-ray diffraction (XRD) was performed on fibers of compound A 
extruded from the mesophase. By cooling the fiber from the isotropic melt a smectic liquid 
crystalline phase was formed at 48 °C (Figure 3), which is a bit higher than the transition 
temperature found in the DSC measurements. It is noteworthy that the smectic period 
increases upon cooling and reaches 38 Å at 25 °C. The negative linear thermal expansion 
coefficient measured in the range 48-20°C (Figure 4) is comparable to the values found for 
other liquid-crystalline supra-molecular polymers14 (αLC= –2*10-3 K-1). This coefficient is 
equal to that found for the isotropic phase, which still exhibits a broad halo at approximately 
the same angular position. At temperatures below 20 °C the thermal expansion becomes 
positive with the value typical for polymer crystals αCr= 1.1*10-4 K-1 15. In this temperature 
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range, an additional crystalline peak at s=0.24 Å-1 appears in the diffractograms, which 
corresponds to the crystallization of the alkyl chains.  
 
 
Figure 3. Temperature-dependent X-ray diffraction curves of compound A. The experiment 
was conducted on cooling from 100°C to 0°C at 10°/min. The peak at 0.065 Å-1 originates 
from the kapton window. 
 
 
Figure 4 Position of the first diffraction peak as a function of temperature for compound A (cf. Fig. 3). 
Dashed lines show the phase transition temperatures. 
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A typical fiber diffractogram of A recorded at room temperature is given in Figure 5. In 
contrast to the sample freshly-cooled to 0 °C (cf. Fig. 3), upon annealing at room temperature 
for a couple of hours several orders of h00 reflection (cf. Table 1) became visible on the 
equator of the pattern. From these peaks a smectic-type ordering can be inferred. Also, a 
number of intense 0k0 equatorial reflections were observed along the same direction. A small 
c-parameter (4.62 Å) is indicative for stacking of flat molecules of A along the meridonal 
direction. It was also found that a fiber annealed at room temperature for several days did not 
exhibit any significant structural changes during heating up to the isotropization temperature 
at 72°C. 
 
 
 
Figure 5 2D X-ray diffraction pattern of a fiber of A extruded at room temperature after cooling from 
the isotropic state (fiber axis is vertical) and annealed at room temperature for a couple of hours 
(orthorhombic lattice a=40.14A, b=30.38A, c=4.62A). 
 
 
 
 
 
 
 
Orthorhombic lattice  
a=40.14A, b=30.38A, c=4.62A 
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Table 1 Experimental (dexp) and calculated d-spacings (dcalc) corresponding to 
diffraction peaks of A at room temperature 
 
h k l dexp [Å] dcalc [Å] 
1 
0 
1 
2 
0 
3 
4 
2 
4 
5 
0 
4 
6 
0 
7 
7 
4 
0 
8 
0 
3 
2 
0 
6 
0 
1 
1 
0 
2 
0 
0 
3 
2 
0 
4 
3 
0 
5 
0 
2 
5 
6 
0 
0 
0 
3 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
40.0 
30.1 
25.1 
20.1 
14.8 
13.2 
9.83 
8.98 
8.61 
8.15 
7.65 
7.16 
6.58 
6.12 
5.89 
5.38 
5.26 
5.07 
4.9 
4.63 
4.35 
4.13 
3.95 
3.80 
40.1 
30.4 
24.2 
20.1 
15.2 
13.4 
10 
9.04 
8.37 
8.03 
7.59 
7.13 
6.69 
6.08 
5.73 
5.37 
5.2 
5.06 
5.02 
4.62 
4.37 
4.12 
3.95 
3.80 
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Figure 6  SAXS curve corresponding to A at room temperature for a couple of hours. 
 
 
Figure 7 X-ray diffraction curves corresponding to A measured during cooling at 30°C (dashed line) 
and upon annealing for a couple of hours at room temperature (solid line). 
 
As one can see from 1D X-ray diffraction curves (cf. Figs. 6,7) the intensity of 100 and 010 
peaks is on the same order of magnitude as that of the peaks corresponding to the alkyl chains 
packing. The predominantly meridional position of the peaks of the alkyl sublattice indicates 
that the alkyl chains are aligned parallel to the ab-plane. The diffractogram can be accounted 
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for by a unit cell structure in which the molecules in the layer are oriented toward each other, 
with three alkyl chains along the b-axis (Figure 8). These chains form a regular dense sub-
lattice crystal. On the opposite side of the molecular cores, the alkyl groups are probably not 
numerous enough to pack in a densely packed crystal, and therefore form disordered low-
density layers that generate an amorphous halo on the diffractogram (Figure 7). The halo 
remains rather intense even after annealing of the sample for several days in the crystalline 
state, which is rather unusual for the mesogens with lateral alkyl chains containing twelve 
carbon atoms 14,16 Generally, this length of the alkyl chains seems optimal to achieve self-
organization of the alkyl chains in a liquid-crystal-like phase at room temperature, which 
occurs at a reasonable pace. This partly ordered phase of the side-chains can be the driving 
force for the self-organization of the aromatic molecular cores and formation of the main 
lattice. 
In the a-direction the high-density layers are formed by stacked phenyl cores; the order of the 
cores in the ab-plane is probably reinforced by hydrogen bonds17,18. Alternation of these low- 
and high-density layers results in a series of intense h00 and 0k0 reflexes. As a result, a 
specific layer-like phase is developed, with three different regions: crystalline and amorphous 
domains of alkyl chains and crystalline rigid cores of the dimers.18 For further refinement of 
the model the electron density map calculation and molecular simulations are required. 
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Figure 8 Schematics of the unit cell structure of A in the ab-plane.  
 
The structure of a thin film of A of approx. 100 nm thickness deposited on a silicon 
wafer was addressed by grazing-incidence wide-angle X-ray scattering (GIWAXS) 
measurements. Figure 9 displays a typical 2D GIWAXS pattern revealing a three-spot picture 
characteristic of a columnar hexagonal phase. In this case, the hexagonally-packed columns 
are lying parallel to the substrate. Given that the meridional peak is much stronger than the 
two other peaks of the lattice, the direction of the columns is isotropic in the plane of the 
substrate. It can be seen that the lattice of compound A in thin films substantially differs from 
the one in the bulk. It is thus likely that the conditions of the sample preparation and 
geometrical confinement limit the molecular mobility thereby impeding the formation of a 
regular three-dimensional lattice. In this case, the structure of A in the direction perpendicular 
to the columnar axis loses its biaxiality and exhibits only one characteristic distance close to 
the a-parameter of the 3D crystalline phase described above (cf. Table 1). 
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Figure 9 GIWAXS pattern recorded on a thin film of A. The film surface is horizontal. The diffraction 
peaks corresponds to a hexagonal phase with a = 40.5 Å. 
 
Thin film morphology of A studied by scanning force microscopy (SFM) 
Fig. 10 shows the morphology of an ultra-thin film of A on graphite after annealing a spin-
coated sample at 45 °C. The Tapping Mode height image reveals two different types of 
morphology. The first one is a featureless layer with a thickness of 4.2Å. The latter is quite 
close to the c-papameter of the crystalline lattice of compound A, as measured by XRD. The 
sharp edges of this layer indicate its crystalline nature (cf. Fig. 11). The other one is the 
elongated structure with less defined height. The inner sub-structure is better resolved in the 
SFM Tapping Mode phase image where the stripes with periodicity of 43Å (cf. the power 
spectral density function) can be seen. This periodicity is rather close to the a-parameter of the 
crystalline lattice. 
 78 
150 nm 150 nm
0 100 200 300 400 500 600
0
2
3 4 5 6 7 8 9 10
-2,0
-1,5
PS
D
Periodic length nm
43Å
PS
D
PS
D
 
                                                                                                                  
Figure 10  Film morphology of A on HOPG after annealing at 45 °C for 15min and cooled to room 
temperature with 1°C/min. Topography and cross-section profile highlight the height variation of the 
film and formation of featureless layers with molecular thickness (4.2Å). While the phase image 
shows that elevated structures consist of stripes with periodic length of 43 Å measured from the power 
spectral density. 
 
 
The two morphologies can simply correspond to two different crystal orientations of A on 
graphite. Thus the thickness of the featureless layer matches the c-parameter of the unit cell so 
it can correspond to the ab-plane of the crystal oriented flat on the substrate. The elongated 
stripes can then correspond to the ac-plane running parallel to the substrate. For the first 
orientation, the alkyl chains probably can extend easier on the graphite surface toward which 
they have a special affinity (cf. Fig. 8). However, even for the second orientation the epitaxial 
interactions of the alkyl chains with the graphite surface are not excluded as in this case the 
interacting alkyl chains can be pertinent to the other benzene ring. 
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300nm
 
 
Figure 11 Large magnifications to highlight the edges of the featureless layer consisting of stacks of 
4.2Å coexisting with elongated structure. 
 
Conclusions 
A new low-symmetrical monodendritic molecule functionalized with a carboxylic acid group 
at the focal point, 3,4-bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic acid, was 
synthesized in high yield via a simple non-protecting group mediated route starting from 
gallic acid ethyl ester. The resulting compound was characterized by a combination of DSC, 
POM and XRD. It was shown that the compound exhibits a stable crystalline phase and a 
monotropic smectic phase formed upon cooling from the isotropic melt. In the crystalline 
structure the alkyl chains form three dimensionally well-ordered crystalline and amorphous 
domains. 
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 The structure of the compound crucially depends on the conditions of the geometrical 
confinement. Thus, a one- hundred-nanometer thick film reveals a columnar hexagonal phase 
with the columns oriented parallel to the substrate. 
 The SFM investigation of ultra-thin films of the compound on graphite likely shows 
two crystal orienations, which can develop due to the epitaxial adsorption of the alkyl chains 
pertinent to different benzene rings. 
Experimental section 
Materials 
1-Bromododecane (97%), LiAlH4 (95+%), SOCl2 (99+%), (97%), ethyl 3,4,5-
trihydroxybenzoate (98%), and anhydrous K2CO3 (all from Aldrich) were used as received. 
DMF was dried over calcium hydride (CaH2) for 12 h and distilled under vacuum. 
Synthesis 
Ethyl 3,4-bis(dodecyloxy)-5-hydroxybenzoate(2a)  
Anhydrous K2CO3 (4.44 g, 32 mmol, 2 eq) and 1-bromodecane (8 g, 32 mmol, 2 eq) were  
added to a solution of gallic acid ethyl ester (3.18 g, 16 mmol, 1 eq) in dry DMF (60 mL). The 
mixture was heated at 120°C under N2 atmosphere for 20 h. The reaction mixture was allowed 
to cool to room temperature before water (150 mL) was added. The formed brownish 
precipitate was filltered and dried in vacuo. A brownish solid was obtained as a mixture of 2a, 
2b, 2c which was successfully separated using column chromatography (silica gel, 
hexane/ethyl acetate = 9/1).  
Ethyl 3,4-bis(dodecyloxy)-5-hydroxybenzoate 2a 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.26 (m, 36H), 1.37 (t, overlapped, 3H), 
1.75 (m, 4H), 4.03 (t, 2H), 4.15 (t, 2H), 4.33 (q, 2H), 5.88 (s, 1H), 7.18 (d, 1H), 7.29 (d, 1H) 
ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 14.3, 22.7, 25.9, 26.2, 29.3, 29.4, 29.4, 29.6, 29.7, 
30.2, 31.9, 61.0, 68.9, 73.6, 76.7, 77.0, 77.4, 106.4, 125.6, 138.6, 149.1, 151.3,  166.3 ppm. 
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Ethyl 3,4,5-tri(dodecyloxy)benzoate(2b)  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1,27 (m, 54H), 1.38 (t, overlapped, 3H), 
4.02 (t, 6H), 4.34 (q, 2H), 7.26 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 14.4, 22.7, 26.1, 29.4, 29.4, 29.6, 29.7, 29.7, 30.4, 
32.0, 61.0, 69.2, 73.5, 108.0, 125.1, 142.3, 152.8, 166.5 ppm.   
(3,4,5-tris(dodecyloxy)phenyl)methanol (3b) 
Ester 2b (2 g, 2.85 mmol, 1eq) was dissolved in THF (20 mL) and cooled down to 0 °C, then 
LiAlH4 (130 mg, 3.42 mmol, 1.2 eq) was added in small portions and the reaction mixture 
was stirred at room temperature overnight. The reaction mixture was cooled to 0°C and water 
(2mL) was added slowly. The reaction mixture was diluted with THF, the ice bath was 
removed and an aqueous solution (5 mL) of NaOH (456 mg, 11.4 mmol, 4 eq) was added. 
The inorganic precipitate formed was filtered and disposed. The solvent was evaporated and 
the product recrystallized from acetone yielding 1.54 g of a white powder.Yield: 77 % 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.27 (m, 54H), 1.76 (m, 6H), 3.96 (m, 6H), 
4.57 (s, 2H), 6.54 (s, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 22.7, 25.8, 26.1, 29.4, 29.7, 29.7, 29.8, 30.3, 32.0, 
65.5, 69.0, 73.5, 105.3, 136.2, 153.2 ppm. 
5-(Chloromethyl)-1,2,3-tris(dodecyloxy)benzene (4b) 
3,4,5-Tris(dodecyloxy)phenyl)methanol (1g, 1.51 mmol, 1 eq) was dissolved in chloroform 
(20 mL) and cooled to 0 °C. Thionyl chloride (198 mg, 1.66 mmol, 1.1 eq) in chloroform (2 
mL) was added drop wise and the reaction mixture was stirred under N2 atmosphere at room 
temperature for 1 hour. The solvent and excess of thionyl chloride was evaporated in vacuo 
and the slightly yellowish solid obtained was used for next step. Yield: 100 %. 
Ethyl 3,4-bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate (5) 
Freshly prepared chloride 4b (1.04 g, 1.51 mmol, 1 eq) was placed in DMF (30 mL), 
anhydrous K2CO3 (0.42 g, 3.02 mmol, 2 eq) and 2b (0.82 g, 1.51 mmol, 1 eq) were added. 
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The mixture was heated under N2 atmosphere at 120 °C for 24 h and poured hot into 250 mL 
ice water (250 mL). The product was filtered and dried and yellowish solid (1.7g) was 
obtained. Yield: 96 %. 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.26 (m, 90H), 1.39 (t, overlapped 3H) 
1.79 (m, 10H), 3.96 (m, 10H), 4.34 (q, 2H), 5.02 (s, 2H), 7.29 (s, 1H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 14.4, 22.7, 26.1, 26.2, 29.3, 29.4, 29.5, 29.6, 29.7, 
29.7, 30.4, 32.0, 61.0, 69.1, 71.5, 73.4, 73.6, 76.7, 77.0, 77.2, 77.4, 105.7, 108.3, 109.1, 125.1, 
132.0, 137.7, 142.6, 152.3, 152.9, 153.2, 166.3 ppm.  
 3,4-Bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic acid (A) 
Ester 5 (0.9 g 0.764 mmol, 1 eq), KOH (0.172 g, 3.06 mmol, 4 eq), ethanol (30 mL) and water   
(5 mL) were refluxed for 12 hours. Then the reaction mixture was cooled to 30-40 °C and 
concentrated hydrochloric acid was added carefully till pH = 1. The white precipitate formed 
was filtered and dried in vacuo. Yield: 85 % 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.26 (m, 90H), 1.82 (m, 10H), 3.97 (m, 
10H), 5.04 (s, 2H), 6.66 (s, 2H), 7.36 (d, 1H), 7.41(d, 1H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 22.7, 26.1, 26.2, 29.3, 29.4, 29.4, 29.5, 29.6, 29.7, 
30.4, 32.0, 69.1, 71.5, 73.4, 73.7, 105.9, 108.9, 109.7, 123.8, 131.8, 137.8, 143.5, 152.4, 
153.0, 153.2, 171.6.   
Techniques 
1H NMR (300 MHz) and 13C NMR (75 MHZ) spectra were recorded on a Bruker DPX-300 
spectrometer in chloroform (CDCl3) with tetramethylsilane (TMS) as internal standart at 20 
°C. 
For Optical polarizing microscopy (OPM) a Zeiss AXIOPLAN 2 polarizing microscope, 
equipped with METTLER FP 90 hot stage was used. Images were taken from a digital Zeiss 
AxioCam MRC4 camera in combination to the Zeiss AxioVision software.  
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Differential scanning calorimetry (DSC) DSC measurements were performed using a 
Netzsch DSC 204 unit. Samples (typical weight: 5 mg) were placed in standard Netzsch 
aluminium crucibles. Indium and palmitic acid standarts were used for calibration. The 
heating and cooling rates were 10 K min-1. 
Scanning Force Microscope (SFM) The morphology of the thin films was investigated by 
using of a tapping model SFM (NanoScope IIIa, Digital Instruments Veeco Instruments, 
Santa Barbara, CA) under ambient condition. Commercial available standard silicon 
cantilevers (PPP-SEIH-W from Nanosensors) with a nominal spring constant of 5 to 40 N/m 
and resonance frequency of 70 to 300 kHz were used. The topography and phase images were 
recorded, and the images were processed by using of Digital Instruments software, 
NanoScope, version 5.12r5.  
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Supporting information 
S1. The possible use of synthesized dendron A for creation of self-assembling 
supramolecular (block) copolymers 
The complexation of the synthesized asymmetric dendritic acid A with block 
copolymers containing complementary basic groups, such as, poly(vinylpyridine) 
blockcopolymers via acid-base interactions (H-bonding; ionic interactions) is expected to lead 
to the formation of supramolecular block copolymers (Scheme S1). It can be anticipated that 
such macromolecules will display a thermotropic mesophase in bulk and will form self-
assembled highly ordered ultra-thin films when deposited on a surface. 
 
 
Scheme S1 Construction of supramolecular polymers decorated with a low-symmetry dendron 
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S2. Structural analysis by means of 1H NMR and 13C NMR spectroscopy 
The molecular structure of chromatographically separated compound 2a was proven 
using 1H- and 13C NMR spectroscopy (Fig. S1, Fig. S2). Only expected signals appear. Due 
to the unsymmetrically substituted hydroxy- groups of gallic acid ethylester, the aromatic 
protons at 2- and 6-position (d’, d) are not equivalent and therefore appear as two distinct 
duplets at 7.18 ppm and 7.29 ppm, respectively (Fig. S1). The carbon atoms in 2- and 6- 
position appears at 149.1 ppm and 151.3 ppm, respectively (Fig. S2). 
 
ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure S1 1H NMR spectrum of 2a (# - CDCl3) 
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ppm (t1) 0255075100125150
 
Figure S2 13C NMR spectrum of 2a (# - CDCl3) 
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Figure S3 Part of the 1H NMR spectrum (aromatic proton region) used for the quantitative analysis of 
the crude product mixture obtained from the reaction of gallic acid ethylester and                                  
2 eq. 1-bromododecane (# - CDCl3).  
 
Knowing the aromatic signal positions of 2a (and 2b, 2c) the quantification of the 
etherification of gallic acid ethyl ester reaction with 2 eq of dodecylbromide (see Fig. S3) was 
possible and mole percent of target compound 3,4-bis(dodecyloxy)-5-hydroxybenzoate 2a as 
well as of the by products (2b, 2c) was calculated as follows: 
Mole percent of 2a in the mixture: 
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Mole percent of 2b in the reaction mixture: 
%222 =bf
 
Based on the above determined content of 2a, 2b and 2c is clearly that the unsymmetrically 
substituated gallic acid derivative is the main product of this reaction. 
Successful etherification at the 5 position of 2a with 4b is proved by NMR analysis. 
The 1H NMR spectrum of the asymmetrical ester (4) is presented in Fig. S4. In the aromatic 
region of 1H NMR spectrum three distinct signals appear. The new signal at δ = 5.02 ppm (g) 
appears as a singlet suggesting the successfully formed benzyl-ether bond. Moreover at δ = 
6.65 ppm a new signal (a singlet) appears corresponding to the symmetrically substituted 
gallic acid moiety aromatic protons (d’’). Two distinct singulets (d, d’) corresponding to the 
aromatic protons of asymmetrically substituted gallic acid fragment of the molecule appears 
at δ = 7.29 ppm and δ = 7.33 ppm, respectively. 
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ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure S4 1H-NMR spectrum of 5 (# - CDCl3) 
 
Succesefull hydrolysis of the ester 4 is proven by 1H NMR depicted in Figure S5.  
 
ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure S5 1H-NMR spectrum of A (# - CDCl3) 
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S3 Thermal behaviour and mesomorphic properties 
Combined differential scanning calorimetry (DSC) and hot stage equipped 
temperature-dependent optical polarizing microscopy (TOPM) analyses were performed in 
order to detect the mesomorphic behaviour of the title compound A and the precursor 
molecules. The DSC trace of the asymmetrical molecule 3,4-bis(dodecyloxy)-5-
hydroxybenzoate is depicted in Fig. S6. Despite of the asymmetric molecular shape of 2a the 
high melting and recrystalization enthalpies, ∆Hm = 125.5 J/g (2nd heating) and ∆Hcr = -120.7 
J/g and the fully reversible melting  transition one can conclude that the molecules  exhibit  
non hindered crystallization at the standard rates of DSC measurement without displaying any  
thermotropic mesomorphic behaviour. The formation of uniform and perfect crystallites can 
be concluded from DSC. One can speculate that the molecular crystals formed by these 
molecules are stabilized via H-bonds as a result of interactions of 5-hydroxy groups.  
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Figure  S6 DSC trace of ethyl 3,4-bis(dodecyloxy)-5-hydroxybenzoate 2a (1-1st heating, 2-cooling, 3-
2nd heating (heating rate 10 °C/min). 
 
The asymmetric ester 5 melts into isotropic phase without displaying any mesophase (Fig. 
S7). During the 1st heating run one endothermic transition at 51.3 °C characterized by high 
transition enthalpy (98.92 J/g) appears (with a very small overlapped edothermic peak which 
could not be integrated separately). During cooling a single sharp exothermic peak (Tcr = 28.7 
°C) appears characterizing the transition isotropic state (i)-crystalline phase (Cr) as deduced 
from high crystallization enthalpy value (∆Hcr = -90.16 J/g) following a complete recovery of 
the melting enthalpy (∆Hm = 89.18 J/g). During second heating the maximum of the melting 
transition appears at 47.2 °C. The asymmetric ester 5 is characterized by a higher transition 
temperature and enthalpy than its precursor molecule 2. 
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Figure S7  DSC trace of 3,4-bis(dodecyloxy)-5-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate 5 (1-1st 
heating, 2-cooling, 3-2nd heating (heating rate 10 °C/min). 
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S.4. Additional TOPM images of compound A 
 
Figure S8 Figure 2 Liquid-crystalline texture of compound A at 40 °C formed on cooling from the 
isotropic phase at a rate of 10 °C/min. (200 X) 
 
 
Figure S8 Figure 2 Liquid-crystalline texture of compound A at 40 °C formed on cooling 
from the isotropic phase at a rate of 10 °C/min. (200 X) 
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Figure S8 Liquid-crystalline texture of compound A at 40 °C formed on cooling from the 
isotropic phase at a rate of 2 °C/min. (200 X) 
 
 
 
 
 
 
 
 
 95 
Chapter 6 
 
Towards columnar liquid crystals via 
self-assembly of halogen-bonded charge- 
transfer complexes 
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Introduction 
 
Halogen bonding is defined as non-covalent interaction involving halogens as 
electrophilic species.1 Halogen bonding is a strong, specific and directional interaction.1 
Recently for the first time it was shown, that halogen bonding can be used for the preparation 
of liquid crystalline compounds2. Bruce et al. showed that alkoxystilbazoles which are non-
liquid-crystalline compounds formed a smectic A phase when complexed with perfluorinated 
iodides (Scheme 1). 
 
N
OCnH2n+1
I
FF
F
F F
 
                                                                    I 
 
                                                                          II 
Scheme 1 Halogen-bonded charge transfer complexes (I and II) displaying a smectic A mesophase 
 
To the best of our knowledge, up to now the halogen-bonded charge-transfer complexes self-
assembling into columnar liquid crystals are not reported. The aim of this work was to prepare 
halogen-bonded charge-transfer complexes self-assembling into columnar mesophases from 
the wedge-shaped monodendrons3-7 and characterize them using DSC and TOPM. 
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Results  
The synthetic concept of the present study is illustrated in Scheme 2. To prepare the 
halogen-bonded charge-transfer complexes it was necessary first to synthesize the wedge-
shaped electron donor components. The electron acceptor components, commercially 
available prefluorinated compounds used in the present study are outlined in Scheme 2. 
Perfluorinated residues are strongly electron withdrawing promoting the tendency of the 
iodine atoms to behave as electron acceptors in halogen-bonded charge transfer complexes. 
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Scheme 2 Synthetic concept and building blocks for the preparation of wedge-shaped halogen-bonded 
charge transfer complexes studied in presented work. 
 
Building block 6-C12 contains an amide bond (with H-bonding propensity) and a pyridine 
ring (as a halogen-bonding component). Building block 8-C18 contains a flexible alkyl spacer 
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and a     N,N-dimethylamino group (as a halogen bonding component). In the building block 
15-C12 a spacer with an easy rotation ability - benzyl phenyl ether group - is incorporated. 
 
Synthesis of dendritic electron donor components 
In  Scheme 5 the synthesis of a wedge-shaped molecule with a pyridine moiety at the focal 
point is described. The known acid chloride 4-C12 prepared from commercially available 
gallic acid ethyl ester 1 was amidated with 4-amino pyridine in THF. This amidation reaction 
did not require an additional base since the pyridine traps the hydrochloric acid forming the 4-
(3,4,5-tris(dodecyloxy)benzamido)pyridinium chloride 5-C12. In the last step the pyridinium 
chloride 5-C12 was transformed into the target wedge-shaped monodendron with the pyridine 
ring at the focal point - 3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide 6-C12 - using 
NaOH as a base. After recrystalization from ethanol the analytically pure compound 6-C12 
was obtained, which was used for preparation of halogen bonded charge-transfer complexes. 
H2n+1CnO
OCnH2n+1
OCnH2n+1
NHO
H2n+1CnO
OCnH2n+1
OCnH2n+1
ClO
HO
OH
OH
OEtO
H2n+1CnO
OCnH2n+1
OCnH2n+1
OEtO
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Scheme 5 Synthesis of 3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6-C12): (i) K2CO3, 
overnight, (ii) NaOH/H2O; (iii) SOCl2, DCM, 0 °C-r.t. 1h; (iv) 4-aminopyridine, THF, 0 °C to r.t., over 
night, (v) KOH/H2O, CH2Cl2 
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 The molecular structure of 6-C12 was proven using NMR spectroscopy. The 1H NMR 
spectrum of purified wedge-shaped monodendron with a pyridine ring at the focal point 
(Figure 1) shows the expected signals:, i.e., two distinct duplets g and h, assigned to the 
protons at the pyridine ring  at δ = 7.66 ppm and δ = 8.47 ppm, a singlet (e) arising from the 
aromatic protons of gallic acid at δ = 7.05 ppm. The integral ratio e:g:h = 2:2:2 as expected 
confirming the structure of 6-C12. 
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Figure 1 1H NMR spectrum of 3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide  6-C12 (# - CDCl3) 
 
In Scheme 6 the synthesis of a wedge-shaped monodendron with 3-(dimethylamino)propyl- 
moiety at the focal point 8-C18 is described. The known acid chloride 4-C18 was amidated 
with 3-(dimethylamino)propan-1-ol in THF. This amidation reaction did not require an 
additional base since the N,N-dimethylamino group traps the hydrochlorid acid formed. In the 
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last step the hydrochloride 5b is transformed into the target N,N-dimethyl amine 6b using 
NaOH as a base, which was used for preparation of halogen bonded charge-transfer 
complexes. 
Scheme 6 Synthesis of 3-(dimethylamino)propyl 3,4,5-tris(octadecyloxy)benzoate 8-C18 Conditions: 
(i) K2CO3, overnight, (ii) NaOH/H2O, EtOH; (iii) SOCl2, 60 °C, 1h; (iv) 3-(dimethylamino)propan-1-
ol, THF,  0 °C to r.t., over night, (v) KOH/H2O, CH2Cl2 
 
The NMR spectrum of the purified target compound 8-C18 (Figure 2) a singlet arising from 
the aromatic protons (e) at δ = 7.25 ppm, while a singlet arising from the N,N-dimethylamino- 
group [protons (i)] appear at δ = 2.28 ppm. The integral ratio e:i = 2:6 as expected. 
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Figure 2 1H NMR spectrum of 3-(dimethylamino)propyl 3,4,5-tris(octadecyloxy)benzoate 8-C18 (# - 
CDCl3).  
 
In Scheme 7 the convergent growth of first generation monodendritic acid - 4-(3,4,5-
tris(dodecyloxy)benzyloxy)benzoic acid 12-C12 and functionalization at the focal point with 
3-(dimethylamino)propan-1-ol to the target molecule 3-(dimethylamino)propyl 4-(3,4,5-
tris(dodecyloxy)benzyloxy)benzoate 15-C12 starting from gallic acid ethylester 1 is outlined. 
First compound 1 was etherified with dodecyl bromide yielding ester 2-C12 which was 
reducted with LiAlH4 to alcohol 9-C12. Transformation of hydroxymethyl group into a 
chloromethyl group (using thionyl chloride as reagent) yielded the chloride 10-C12 which 
was etherified with ethyl 4-hydroxybenzoate to yield ethyl 4-(3,4,5-
tris(dodecyloxy)benzyloxy)benzoate 11-C12. Subsequent hydrolysis of 11-C12 yielded the 
12-C12. Freshly prepared acid chloride 13-C12 was amidated with 3-(dimethylamino)propan-
1-ol  in THF, yielding the salt 14-C12 which was transformed into the target monodendritic 
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N,N-dimethyl amine 15-C12 using NaOH as a base. After purification 10c was used for the 
preparation of halogen bonded charge-transfer complexes. 
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Scheme 7 Synthesis of 3-(dimethylamino)propyl 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate (15-
C12). Conditions: (i) K2CO3, DMF, 120 0C 24h; (ii) LiAlH4, THF, 0 °C-r.t., then NaOH/H2O; (iii) 
SOCl2, DCM, 0 °C-r.t. 1h; (iv) KOH, EtOH, H2O, reflux, 12h, HCl (conc.), (vi) 3-
(dimethylamino)propan-1-ol, THF, 0 °C to r.t. (vi) KOH/H2O, CH2Cl2. 
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The 1H NMR spectrum of 15-C12 (Figure 3) shows the expected signals. A singlet arising 
from the aromatic protons of the gallic acid fragment (e) appears at δ = 6.61 ppm while the 
protons of 4-substituated benzoic acid fragments appear as duplets (h and g) at  δ = 7.00 ppm 
and δ = 7.98 ppm, respectively. A singlet (l) arising from dimethylamino group protons 
appears at δ = 2.25 ppm. The integral ratio e:h:l = 2:2:6 as expected further proving the 
molecular structure of 15-C12. 
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Figure 3 1HNMR spectrum of 3-(dimethylamino)propyl 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate 
15-C2 (# - CDCl3) 
 
Preparation of halogen-bonded charge-transfer complexes 
In order to prepare the complexes (C1-C5) the solution of a wedge-shaped dendritic 
electron donor component (1eq) in chloroform was mixed with the solution of an electron 
acceptor component, a perfluorinated compound containing iodine atoms in chloroform (1eq) 
(see Scheme 2). The homogeneous solution was kept in dark over night and then the solution 
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was slowly evaporated in air yielding a slightly yellowish solid which was used for DSC and 
TOPM analyses. 
 
DSC results of the prepared halogen-bonded charge transfer complexes 
In the Figure 4 the DSC of the electron donor component 6-C12 is presented. During the first 
heating one endotherm appears at 60.7 °C with an enthalpy of 89.9 J/g. Upon cooling one 
exotherm with a maximum at 48.4 °C and transition enthalpy of -24.9 J/g occurs. During 
second heating one endothermic peak with a maximum at 67 °C and transition enthalpy of 
24.3 J/g occurs. According to OPM investigation, this peak corresponded to the isotropization 
of a crystalline phase.  
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Figure 4 DSC trace of 3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide  6-C12. Heating rate:  10 °C 
min-1 during first heating (1) cooling (2) and second heating (3) run 
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In the Figure 5 the DSC trace of the complex C1 is presented. During the first heating a 
single peak at the maximum of 70.7 °C with a transition enthalpy of 48.7 J/g was observed. In 
comparison with uncomplexed monodendron 6-C12 (cf. Fig. 4) the melting temperature is 
increased with about 10 °C. This result strongly suggests the successful formation of a 
halogen-bonded complex C1. Upon cooling a single exotherme with a maximum at 48.2 °C 
and transition enthylpy -24.3 J/g was observed. According to TOPM experiment this 
transition indicates the crystallization of the sample without transforming in a mesophase. 
During the second heating scan an endotherm at 66.7 °C and transition enthalpy of 23.6 J/g 
was observed, which acoording to TOPM investigation represents the isotropization of the 
crystalline phase. 
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Figure 5 DSC trace of complex C1. Heating rate: 10 °C min-1 during first heating (1) cooling (2) and 
second heating (3) run 
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In Figure 6 the DSC trace of complex C2 is presented. During the first heating one broad 
endotermic peak with two shoulders appears with a maximum at 63.6 °C and high transition 
enthalpy of 68.4 J/g. Upon cooling only one sharp endothermic peak with a maximum at 48.4 
°C and transition enthalpy of -20.6 J/g appears. During second heating one sharp endothermic 
peak with a maximum at 67.0 °C with a transition enthalpy of 20.03 J/g. According to the 
TOPM observation the compound did not exhibit any thermotropic mesophase. 
 
0 20 40 60 80 100
T, °C
E
n
do
 
>
 
Figure 6 DSC trace of complex C2. Heating rate: 10 °C min-1 during first heating (1) cooling (2) and 
second heating (3) runs 
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DSC thermogramm of complex C3 is presented in Fig. 7. The DSC trace obtained during the 
first heating showed an endothermic peak with a maximum at 85.9 °C and a high transition 
enthalpy of 75.9 J/g. According to TOPM investigation, this peak corresponded to the 
isotropization of a crystalline phase. Upon cooling only one exothermic peak occurs with a 
maximum at 27.1 °C and melting enthalpy of 56.0 J/g. During second heating a single 
endothermic peak with a maximum at 83.9 °C and transition enthalpy of 49.2 J/g appears 
suggesting the stability of the complex upon second heating-cooling-heating cycles. In 
comparison to the DSC trace for non-bonded wedge-shaped molecule with pyrididne (6-C12)       
(cf. Fig. 4), the melting temperatures during first and second heating runs are increased, 
strongly suggesting the succesefull formation of the complex C3.   
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Figure 7 DSC trace of complex C3. Heating rate: 10 °C min-1 during first heating (1) cooling (2) and 
second heating (3) runs 
 
In the Figure 8 the DSC trace of complex C4 is presented. Upon first heating one broad 
endotherme with a maximum at 89.6 °C and high transition enthalpy of 76.8 J/g appears. 
Upon cooling a single exothermic peak with a maximum at 35.5 °C appeared. During second 
heating a single endothermic peak (having shoulder) with a maximum at 52 °C and a small 
endothermic peak with a maximum at 60 °C appeared. 
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Figure 8 DSC trace of complex C4. Heating rate: 10 °C min-1 during first heating (1) cooling (2) and 
second heating (3) runs 
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The DSC trace of noncomplexed wedge-shaped molecule with a 3-(dimethylamino)propyl 
group at the focal point 8-C18 is displayed in Figure 9. During first heating two distinct 
endothermes appear: first peak with a maximum at 47.1 °C and high transition enthalpy of 
89.9 J/g and second one at 60.2 °C characterized by small transition enthalpy 2.20 J/g. 
According TOPM this peak corresponds to the isotropistion of crystalline phase. Upon 
cooling barely distinguishable endothermic peaks with a maxim at 46.8 °C characterized by 
small transition enthalpy of-1.33 J/g and at 42.1 °C characterized with a high transition 
enthalpy of -84.9 J/g. According to TOPM investigation no mesophase could be detected. 
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Figure 9 DSC trace of N-(3-(dimethylamino)propyl)-3,4,5-tris(dodecyloxy)benzamide 8-C18. 
Heating rate: 10 °C min-1 during first heating (1) cooling (2) and second heating (3) run 
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In Figure 10 the DSC thermogram of complex C5 is presented. During the first heating an 
endotherm with two shoulders and with a mximim at 60 °C appeared. In comparison with 
uncomplexed compound 8C-18, the melting temperature of complex C5 is increased with 
about 13 °C strongly suggesting the succeseful formation of charge-transfer complex. Upon 
cooling only one exothermic peak occurs at 42 °C appears. During the second heating 2 peaks 
occur: first peak with a maximum at 47.5 °C and high transition enthalpy of 83.9 J/g and 
second one at 58.7 °C characterized by small transition enthalpy of 1.94 J/g. These values are 
similar to the uncomplexes molecule 6b, therefore One can conclude that complex C5 is not 
stable and is degrading during first heating. 
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Figure 10 DSC trace of complex. Heating rate: 10 °C min-1 during first heating (1) cooling (2) and 
second heating (3) runs 
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Discussion 
So far, DSC results showed that the melting endotherms of the uncomplexed 
monodendrons disappeared and all complexes showed single melting endothermic peak on 
heating, indicating that the halogen-bonded complexes were formed8 successfully and 
negligible amount of non-stoichimetric or non-bonded complexes were present. Furthermore, 
DSC traces suggested that the prepared complexes C1-C5 are single phase systems which 
exhibit significant higher Tm (complexes C3, C4, C5) in comparison with Tm of uncomplexed 
wedge-shaped monodendrons (6-C12, 8-C18). This is a somewhat surprising result as it 
might be anticipated, that the fluorinated part of the complex and aliphatic chains tend to form 
distinct domains, that is, a phase separated system. The molar content of F atoms (xF), the 
mass fraction of both components (wN and wI) and thermal properties of prepared complexes 
are summarized in Table 1. From Table 1 one can see, that complexes with double wedge-
shaped architecture (C3, C4, C5) exhibit higher Tm and ∆Hm values in comparison with 
complexes of wedge-shaped architecture (C1 and C2) which contain higher F content. 
Complexes of double-wedge shaped architecture are able to pack more perfectly in 
comparison of complexes of wedge-shaped, exhibiting higher melting Tm values and ∆Hm 
(which is proportional to the degree of crystallinity). It can probably be explained by more 
symmetrical shape of C3, C4 and C5 in comparison with C1 and C2. 
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Table 1 Composition and thermal properties of prepared complexes 
Sample 
 
xF  
(mol 
%) 
Molar 
ratio  
N/I 
wN/wI, % 1st heating 
Tm1 (°C) 
(∆Hm1) (J/g) 
Cooling 
Tcr (°C) 
(∆Hcr) (J/g) 
2nd heating 
Tm2 (°C) 
(∆Hm2) 
(J/g) 
6-C12 
 
0  100/0 60.7 (89.9) 48.4  
(-24.9) 
67.0 
(24.3) 
C1 = (6-C12) + I1 
 
13.5 1/1 68.5/31.5 70.7 (48.7) 48.2  
(-24.3) 
66.7  
(23.6) 
C2 = (6-C12) + I3 
 
8.33 1/1 71.9/28.1 63.6 (68.4) 48.2  
(-20.6) 
67.0 
(20.03) 
C3 = (6-C12) + I4 
 
3.84 2/1 78.7/21.3 85.9 (75.9) 27.1  
(-56.0) 
83.9  
(49.2) 
C4 = (6-C12) + I2 9.98 2/1 83.3/16.7 89.6 (76.8) 35.5  
(n.d.) 
52  
(n.d.) 
8-C18 0  100/0 47.1/60.2  
(89.9)/2.20 
46.8/42.1 
(-84.9)/(-1.33) 
47.1  
(87.3) 
C5 = (8-C18) + I4 3.04 2/1 79.4/20.6 60  
(n.d.) 
42.0 
 (n.d.) 
47.5/58.7  
(83.9)/ 
(1.94) 
MW–molecular wight of a complex, xF – mole content of F atoms in a complex, wN – mass fraction of electron 
donor component in a complex, , wI – mass fraction of  an electron acceptor component in a complex 
 
As can bee seen in Table 1, C3 exhibits the highest Tm and ∆Hm during the second heating 
and consequently is most stable among the investigated complexes. This can, apparently, be 
explained by the high content of phenyl groups in the complex C3 (5 benzene rings per 
individual species) that results in parallel stacking via strong multiple face-to-face9 pi−pi 
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interactions of individual constituents as proposed in the model given in Figure 11. However, 
due to the low content of F atoms in the structure the complex does not phase-separate leading 
to a (columnar) liquid-crystalline phase. 
 
 
 
Figure 11 Tentative model of parallel stacking of individual species of a complex with double-wedge-
shaped architecture (C3)   via multiple π-π interactions into a crystalline lattice. 
 
Conclusions 
In the presented work novel halogen-bonded charge–transfer complexes of wedge-shaped- 
and double-wedge shaped architecture were prepared starting from commercially available 
gallic acid ethyl ester. DSC analysis reveals the successful formation of complexes with 
negliable amount of uncomplexed species. All obtained products are highly crystalline single 
phase systems that do not display any thermotropic mesophase according combined DSC and 
TOPM analysis. It was found that the symmetry of prepared complexes determine their 
thermal properties and stability. 
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Experimental 
Materials 
1-Bromododecane (97%), LiAlH4 (95+%), SOCl2 (99+%), (97%), ethyl 3,4,5-
trihydroxybenzoate (98%), 3-(dimethylamino)propan-1-ol (97%), 4-aminopyridine (99+%), 
NaOH, KOH and anhydrous K2CO3, methylene chloride, chloroform, THF (all from Aldrich) 
were used as received. DMF was dried over calcium hydride (CaH2) for 12 h and distilled 
under vacuum. 
Synthesis 
The general procedure for synthesis of chlorides 4-C12, 4-C18 is given in Chapter 2 while 
synthesis of acid chloride 13 is described in Appendix A. 
3,4,5-Tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6-C12)  
Freshly prepared chloride 13 (1g, 1.44 mmol, 1eq) was dissolved in THF (10mL) and cooled 
to 0 °C. Then 4-aminopyridine (0.14 g, 1.44 mmol, 1 eq) in THF (2mL) was added and the 
reaction mixture was stirred at room temperature over night, THF was evaporated and 
methylene chloride (10 mL) was added and the organic phase was washed with aqueous 
NaOH solution [NaOH (0.23 g, 5.76 mmol, 4 eq) in H2O (3 mL). The organic phase was 
separated, dried and evaporated yielding a slightly yellowish solid. After recrystalization from 
ethanol the white powder was obtained. Yield: 74 %. 
3-(dimethylamino)propyl 3,4,5-tris(dodecyloxy)benzoate (8-C18) 
Freshly prepared chloride (1g, 1.08 mmol, 1 eq) was dissolved in THF (10 mL), and cooled to 
0 °C. Then 3-(dimethylamino)propan-1-ol (0.11 g, 1.08 mmol, 1 eq) in THF (2mL) was 
droped with following stirring of the reaction mixture at room temperature over night, THF 
was evaporated and methylene chloride (10 mL) added and the organic phase was washed 
with aqoueous NaOH solution [(NaOH (0.17 g, 4.32 mmol, 4 eq) in H2O (2 mL)]. The 
organic phase was separated, dried and evaporated yielding slightly yellowish solid. After 
recrystalization from ethanol the white powder was obtained.Yield: 81 %. 
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3-(Dimethylamino)propyl 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate (15-C12) 
Freshly prepared chloride 13 (0.54g, mmol, 0.678 mmol, 1 eq) was dissolved in THF (5 mL) 
and cooled to 0 °C. Then 3-(dimethylamino)propan-1-ol (0.07 g, 0.678 mmol, 1 eq) in THF (2 
mL) was added and the reaction mixture was stirred at room temperature over night, THF was 
evaporated and methylene chloride (5 mL) was added and the organic phase was washed with 
aqueous NaOH solution [NaOH (0.11 g, 2.71 mmol, 4 eq) in H2O (2 mL)]. The organic phase 
was separated, dried and evaporated yielding a slightly yellowish solid. Yield: 85 %. 
Halogen bonded charge transfer complexes 
Complex C1 
3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6a) (0.1 g, 0.133 mmol, 1eq) in 
chloroform(0.5 mL) was mixed with perfluorbutylidide (0.046g, 0.133 mmol, 1 eq) in 
chloroform (0.5 mL). The vial was protected against light and the mixture stirred over night. 
Next day vial was opened and solvent evaporated in air. Obtained yellowish solid 
immediately was used for DSC analysis. 
 
 
Complex C2 
3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6a) (0.1 g, 0.133 mmol, 1eq) in 
chloroform (0.5 mL) was mixed with iodopentafluorbenzene (0.039g, 0.133 mmol, 1 eq) in 
chloroform (0.5 mL). The vial was protected against light and the mixture stirred over night. 
Next day vial was opened and solvent evaporated in air. Obtained yellowish solid 
immediately was used for DSC analysis. 
Complex C3 
3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6a) (0.1 g, 0.133 mmol, 2 eq) in 
chloroform (0.5 mL) was mixed with 1,4-diodohexaflourbenzene (0.027 g, 0.067 mmol, 1 eq) 
in chloroform (0.5 mL). The vial was protected against light and the mixture stirred over 
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night. Next day vial was opened and solvent evaporated in air. Obtained yellowish solid 
immediately was used for DSC analysis. 
Complex C4 
3,4,5-tris(dodecyloxy)-N-(pyridin-4-yl)benzamide (6a) (0.1 g, 0.133 mmol, 2 eq) in 
chloroform (0.5 mL) was mixed with perfluorhexyl-1,6-di-iodide (0.02 g, 0.067 mmol, 1 eq) 
in chloroform (0.5 mL). The vial was protected against light and the mixture stirred over 
night. Next day vial was opened and solvent evaporated in air. Obtained yellowish solid 
immediately was used for DSC analysis. 
Complex C5 
3-(dimethylamino)propyl 3,4,5-tris(dodecyloxy)benzoate (6b) (0.1 g, 0.133 mmol, 2 eq) in 
chloroform (0.5 mL) was mixed with perfluorhexyl-1,6-di-iodide (0.026 g, 0.066 mmol, 1 eq) 
in chloroform (0.5 mL). The vial was protected against light and the mixture stirred over 
night. Next day vial was opened and solvent evaporated in air. Obtained yellowish solid 
immediately was used for DSC analysis, 
Techniques 
1H NMR (300 MHz) and 13C NMR (75 MHZ) spectra were recorded on a Bruker DPX-300 
spectrometer in chloroform (CDCl3) with tetramethylsilane (TMS) as internal standart at 20 
°C. 
Optical polarizing microscopy (OPM) A Zeiss AXIOPLAN 2 polarizing microscope, 
equipped with METTLER FP 90 hot stage was used. Images were taken from a digital Zeiss 
AxioCam MRC4 camera in combination to the Zeiss AxioVision software.  
Differential scanning calorimetry (DSC) DSC measurements were performed using a 
Netzsch DSC 204 unit. Samples (typical weight: 5 mg) were enclosed in standard Netzsch 
aluminium crucibles. Indium and palmitic acid standarts were used for calibration. The 
heating and cooling rates were 10 K min-1. 
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Appendix A 
 
Synthesis of a spacer containing wedge-
shaped monondendron functionalized 
with L-alanine 
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Introduction 
Chiral wedge-shaped monodendrons functionalized with L-alanine at the focal point 
can be considered as building blocks for the formation of (helical) columnar supramolecular 
assemblies. In Chapter 2 and Chapter 3 the synthesis of a series of new monodendrons N-
(3,4,5-tris(alkyloxy))-benzoyl L-alanine derivatives was presented and their columnar self-
assembly was studied in bulk and in ultra-thin films. In Appendix A the synthetic route 
towards a monodendron functionalized with L-alanine via a spacer at the focal point N-(4-
(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine (II) was elaborated and it’s thermal 
behaviour addressed (Figure 1). 
NHO
OH
O
O
NHO
O
OH
I
II
 
Scheme 1 Wedge-shaped monodendron (I) studied in Chapter 2,3 and and monodendron (II) studied 
in the  present Appendix  
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Results and Discussion 
It was our goal to synthesize a new wedge-shaped 1st generation monodendron 9 
functionalized with L-alanine at the focal point  (Scheme 2). Compound 9 is a precursor for 
an azlactone 10 - 4-methyl-2-(4-(3,4,5-tris(dodecyloxy)benzyloxy)phenyl)oxazol-5(4H)-one. 
Synthesis of title wedge-shaped monodendron functionalized with L-alanine at the 
focal point 9 comprises 8 steps. The substituated benyoic acid 6 was synthesized convergently 
starting from commercially available gallic acid ethylester 1: this was etherified with 
dodecylbromid yielding compound 2 which was subjected to LiAlH4 reduction resulting in 
alcohol 3. The later was treated with thionyl chloride yielding the chloromethyl compound 4 
which was etherified with 4-hydroxy benzoate yielding ester 5. Via alkaline hydrolysis acid 6 
was obtained. The acid 6 was activated to the acid clorid 7 which was treated with L-alanine 
methylester hydrochloride yielding the ester amide 8 which after hydrolysis resulted in the 
title compound 9. 
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Scheme 2 Synthetic route towards the target wedge-shaped monodendron N-(4-(3,4,5-
tris(dodecyloxy)benzyloxy))-benzoyl L-alanine 9. Conditions: i)K2CO3, DMF, 120 0C 24h; ii) LiAlH4, 
THF, 0 °C-r.t. overnight, then NaOH/H2O; iii) SOCl2, DCM, 0 °C-r.t. 1h; iv) KOH, EtOH, H2O, reflux, 
12h, then HCl (conc.); v) HCl⋅AlaOMe, N(Et)3, DCM, 0 °C to r.t., over night. 
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The 1H NMR spectrum of the acid 6 is presented in Figure 1. Only expected signals are 
observed. In the aromatic region a singlet at δ = 6.62 ppm (d) originating from the gallic acid 
fragment and two duplets at δ = 7.03 ppm (f) and δ = 8.06 (g) ppm originating from the 
benzoic acid substituted in 4- position appears. The intergral intensities of the signals d:f:g is 
1:1:1 proving the succeseful formation of benzyl ether bond. 
 
 
ppm (t1) 0.01.02.03.04.05.06.07.08.0
 
Figure 1 1H NMR spectrum of 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic acid 6 (# - CDCl3, + - 
DCM) 
 
The 1H NMR spectrum of compound 8 is presented in Figure 2. Several new signals proving 
successful amidation reaction appears. The amide proton generating a duplet at δ = 6.66 (h) 
ppm proves the successful formation of the amide bond. Furthermore the integral intensity of 
aromatic protons d,f,g to the protons of methoxy group from the L-alanine moiety at  δ = 3.79 
ppm (k) are in the ratio d:f:g:k = 2:2:2:3 confirming the structure of  the esteramide 8. 
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Figure 2 1H NMR spectrum of N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine methyl 
ester  8. (# - CDCl3) 
 
The 1H NMR spectrum of the title compound 9 is presented in Figure 3. The singulet at δ = 
3.79 ppm (k) (see Figure 2) originating from metoxy group has disappeared suggesting the 
successful and quantitative hydrolysis of the ester bond. The amide bond was stable at the 
reaction conditions, which is proven by the presence of signals of alanine (h, i, j) 
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Figure 3 1H NMR spectrum N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine 9 (# - CDCl3, 
+ - DCM) 
 
 
Phase behaviour  
The phase behaviour of compounds 6, 8 and 9 was studied by differential scanning 
calorimetry (DSC). The obtained DSC thermogram of 6 (Figure 4) shows upon first heating 
two endothermic peaks at 70 °C (peak have shoulder) and 83 °C with relatively small 
transition enthalpies of 30.6 J/g and 19.1 J/g. During the cooling run two distinct exothermic 
peaks at 69 °C chracterized by small transition enthalpy of -14 J/g and 56 °C characterized by 
transition enthalpy of and -20.6 J/g is observed. During second heating again two endothermic 
peaks at 64 °C with transition enthalpy of 21 J/g and at 76 °C with 10.1 J/g appears. 
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Figure 4 DSC trace of 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoic acid 6 (1-1st heating, 2-cooling, 3-
2nd heating (heating rate 10 °C/min) 
 
Among several types of mesophases, columnar mesophases have the most complex structures 
and they are closely related to crystalline systems1. It is frequently difficult to distinguish a 
columnar phase from a crystalline structure based only on the DSC thermogram because the 
clearing enthalpies of supramolecular columnar mesophases range from 4 to 30 kJ/mol and 
are comparable to many melting enthalpies  ∆Ηm = 7–120 kJ/mol of crystalline phases1. Yet 
the obtained transition enthalpy from the second peak 10.12 J/g (7.91 kJ/mol) (second 
heating) is small and with high probability represents the transiton: mesophase-isotropic melt 
(not crystalline phase-isotropic melt). To determine the type of this mesophase, X-ray 
diffraction analysis must be carried out. 
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 The ester 8 and acid 9 was considered to be of special interest because they contain the 
benzyl ether group allowing easy rotation and thus allowing the molecules to adopt various 
conformations which could lead to interesting supramolecular (columnar) assemblies in 
crystalline and in liquid-crystalline state. The DSC trace of compound 8 is complex. Upon 
first heating an endothermic peak at 49 °C with high transition enthalpy of 62.6 J/g appears. 
However, the peak has a very pronounced shoulder. Moreover a transition of unknown origin 
at 9 °C appears which might be either a glass transition or an endothermic peak with a small 
enthalpy. During the cooling scan an exothermic peak at 4 °C with an enthalpy of -25.1 J/g 
can be observed. Also this peak has a shoulder. The DSC curve obtained during the second 
heating appears to be very complex; a number of endothermic- and exothermic peaks are 
present. An endothermic peak at 14 °C characterized by a rather small transition enthalpy of 
19.6 J/g, an exothermic peak at 19 °C with enthalpy of 9.26 J/g, two overlapping endothermic 
peaks with maxima at 23 °C and 33 °C as well as an endothermic transition at 40 °C with very 
small enthalpy of 0.40 J/g suggesting the clearing point appears. Apparently the compound 
undergoes several phase transitions before isotropization. 
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Figure 5 DSC trace of N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine methyl ester 8      
(1-1st heating, 2-cooling, 3-2nd heating (heating rate 10 °C/min) 
 
Finally, the DSC trace of the title compound 9 (Figure 6) shows a complex phase behaviour, 
to. Upon first heating an exothermic peak at -19 °C occurs characterized by a small enthalpy 
of -1.81 J/g followed by several overlapped endothermic peaks with a maximum at 39 °C. 
Moreover at 8.1 °C a transition similar to that of a glass transition appears. To confirm this, 
additional DSC experiments are needed. Upon cooling only one exothermic transition at -12 
°C with a small enthalpy of -7.92 J/g was detectable. Upon second heating an exothermic 
peak at -21 °C with an enthalpy of -1.0 J/g, an endothermic peak at -6.2 °C and enthalpy of 
2.46 J/g appears, following several barely detectable small transitions. It seems that during 
second heating at the chosen heating rate the compound does not crystallize and is 
amorphous. 
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Figure 6 DSC trace of N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine 9                          
(1-1st heating, 2-cooling, 3-2nd heating (heating rate 10 °C/min) 
 
 
Conclusions 
The synthesis and DSC analysis of the new wedge-shaped monodendron N-(4-(3,4,5-
tris(dodecyloxy)benzyloxy))-benzoyl L-alanine is described. The synthesized compound is a 
precursor for an azlactone, a cyclodehydratation product. 
DSC analysis showed that the obtained product hardly crystallizes and exhibits a complex 
thermal behaviour. Therefore one can conclude that with high probability it has a complex 
supramolecular structure. For further studies X-ray diffraction (XRD) analysis must be carried 
out in order to unambiguously assign the observed thermal transitions and understand their 
origin. 
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Experimental 
Synthesis 
Ethyl 4-(3,4,5-tris(dodecyloxy)benzyloxy)benzoate (5) 
Freshly prepared chloride 4 (5.63 g, 8.29 mmol, 1eq), ethyl 4-hydroxybenzoate (1.38 g, 8.29 
mmol, 1eq), K2CO3 (1.38 g, 9.95 mmol, 1.2 eq) and DMF (80 mL) were mixed and heated 
under N2 atmosphere to 120 °C. After 24 h the reaction mixture was added to ice water (500 
mL). The product was filtered and dried in vacuo yielding yellowish solid. Yield: 93 %. 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.26 (overlapped, m, 54 H), 1.79 
(overlapped, t, 3H), 3.97 (m, 6H), 4.34 (q, 2H), 4.99 (s, 2H), 6.61 (s, 2H), 7.0 (d, 2H), 7.99 (d, 
2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 14.4, 22.7, 26.1, 26.2, 29.4, 29.7, 29.8, 30.4, 32.0, 
60.7, 69.1, 70.5, 73.4, 106.1, 114.4, 123.2, 131.1, 131.6, 138.1, 153.4, 162.4, 166.3 ppm. 
 4-(3,4,5-Tris(dodecyloxy)benzyloxy)benzoic acid (6) 
Ester 5 (3.3 g, 4.08 mmol, 1 eq), KOH (0.92 g, 16.3 mmol, 4 eq), ethanol (40 mL) and water    
(5 mL) were refluxed for 12 hours. Then the reaction mixture was cooled down to 
approximately 30-40 °C and HCl (conc.) was added carefully till pH =1. The white precipitate 
obtained was filtered and dried in vacuo. Yield: 96 % 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 9H), 1.26 (m, 54H), 1.80 (m, 6H), 3.98 (m, 6H), 
5.01 (d, 2H), 6.62 (s, 2H), 7.03 (d, 2H), 8.06 (d, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 22.7, 26.1, 26.1, 29.4, 29.4, 29.7, 29.7, 29.8, 30.3, 
31.9, 69.2, 70.6, 73.5, 76.7, 77.0, 77.2, 77.4, 106.1, 114.6, 122.0, 131.0, 132.4, 138.1, 153.4, 
163.2, 171.7 ppm.  
N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine methyl ester (8) 
Freshly prepared acid chloride 7 (1.28 mmol, 1 eq)  was dissolved in methylene chloride (20 
mL),   L-alanine methylester (0.2 g, 1.41 mmol, 1,1 eq) was added and cooled down to 0 °C. 
Then triethyl amine (0.26g, 2.56 mmol, 2,2 eq) in methylene chloride (2 mL) was added drop 
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wise and the temperature was kept at  + 5 °C. The reaction mixture was stirred at ambient 
temperature over night. The volume of reaction the mixture was increased to 150 mL by 
adding  the respective amount of chloroform and washed 3 times with 50 mL distilled water. 
The organic phase was separated, the solvent evaporated and the residue dried in vacuo. A 
slightly yellowish solid  was obtained. Yield: 88 %.  
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.26 (overlapped, m, 54H), 1.51 
(overlapped, d, 3H), 1.80 (m, 6H), 3.79 (s, 3H), 3.97 (m, 6H), 4.79 (q, 1H), 4.99 (s, 2H), 6.61 
(s, 2H), 6.66 (d, 1H), 7.01 (d, 2H), 7.77 (d, 2H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.7, 22.7, 26.1, 26.1, 29.4, 29.7, 29.8, 30.4, 31.9, 
48.4, 52.6, 69.2, 70.5, 106.1, 107.0, 114.6, 126.4, 128.9, 131.2, 138.1, 153.2, 153.4, 161.6, 
166.3, 173.9 ppm. 
N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine  (9) 
Ester 8 (0.91 g, 1.05 mmol, 1eq) KOH (0.24 g 4.2 mmol, 4 eq) in ethanol (30 mL) and  water 
(5 mL) were refluxed for 12 hours and then cooled to ∼40 °C  and acidified with concentrated  
hydrochloric acid till pH = 1. The resulting precipitate was filtered, and dried in vacuo to 
yield a yellowish solid. Yield: 89 % 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.87 (t, 3H), 1.26 (m, 54H), 1.56 (d, 3H), 1.79 (m, 6H), 
3.97 (m, 6H), 4.76 (q, 1H), 4.97 (s, 2H), 6.61 (s, 2H), 6.80 (d, 1H), 7.00 (d, 2H), 7.77 (d, 2H) 
ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.2, 22.7, 26.1, 29.4, 29.4, 29.7, 29.7, 29.8, 30.3, 
31.9, 48.9, 69.2, 70.6, 73.5, 76.7, 77.0, 77.2, 77.4, 106.1, 114.7, 125.9, 129.1, 131.1, 138.1, 
153.4, 161.8, 167.2, 175.9 ppm. 
 References and notes 
1. U. Beginn, Prog. Polym. Sci., 28, 2003, 1049 
 
 
 
 131 
Supporting Information 
 
ppm (t1) 050100150
O
O
O
O
O NH
O
OMe
a
a'
b
c
de
f
g
h
i
j
k
l
m n
TMS
#
l
n
a
f
a'
d
h
j
i
ec
b
gkm
alkyl-
 
 
 
Figure S1 13C NMR spectrum of N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine methyl 
ester  8 (# - CDCl3) 
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Figure S2 13C NMR spectrum of N-(4-(3,4,5-tris(dodecyloxy)benzyloxy))-benzoyl L-alanine  9 (# - 
CDCl3) 
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Appendix B 
 
Towards dendronized 
poly((meth)acrylate)s forming columnar 
mesophases stabilized via H-bonds 
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Introduction 
 
3,4,5-Tris(alkyloxy) gallic acids, the first generation Percec-type monodendrons1 with 
wedge-shaped molecular architecture are known to be very powerful building blocks for 
supramolecular columnar phases (Col)2,3. If the focal points of such monodisperse dendrons 
are covalently bonded to a polydisperse polymer backbone a dendronized polymer is 
obtained4. Such macromolecules can be considered as shape persistent cylindrical nanoscopic 
objects4,5. In opposite to common polymer chains exhibiting a diameter in Å-level such 
dendronized macromolecules are characterized by nm-level diameter6.  Introducing a 
polymerizable group into the flat tapered (wedge-shaped) monodendron, followed by 
polymerization, results a shape persistent cylindrical polymer with a helical chain penetrating 
through its center5.  In the Experimental part of this work5 it was mentioned that the isolated 
single dendronized macromolecules are rather soft and therefore for their resolution an ultra 
sharp scanning force microscopy (SFM) tip (with diameter < 10 nm) had to be used. It would 
be interesting to introduce H-bonds forming sites into the structure of dendronized monomers, 
i.e., amide bonds because it is well known that these bonds are stabilizing columnar 
assemblies3. Such a strategy could allow obtaining cylindrical macromolecular nano-objects 
with enhanced shape persistency additionally stabilized via H-bonding. 
In the presented work the synthesis of two new monodendritic macromonomers with            
amide groups is presented: 3-(3,4,5-tris(dodecyloxy)benzamido)propylmethacrylate  and 
3-(3,4,5-tris(dodecyloxy)benzamido)propylacrylate (Figure 1).  
Subjecting the monodendritic methacrylate to AIBN initiated free-radical polymerization 
leads to a high-molecular wight polymer as well as unconverted macromonomer. Yet, in this 
work the polymerization conditions were not optimized and the obtained product was not 
purified and characterized for their possible LC properties.  
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Figure 1 Target structure of dendronized (meth)acrylates containing an amide bond prone to form H-
bonds (R = H, CH3) 
 
Results and discussion 
 
A novel chemo-enzymatic synthetic route towards new dendronized polymers 
exhibiting a thermotropic columnar mesophase and shape-persistent cylindrical object-like 
structure stabilized via H-bonding was elaborated (Scheme 1). 
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Scheme 1 Routes toward dendronized poly[(meth)acrylates]s with 3,4,5-tris(alkoxy) gallic acid side 
groups linked by an amide bond to the backbone 
 
In the Scheme 1 a chemo-enzymatic synthesis of (methacrylate) monomers and the AIBN 
initiated free-radical polymerization of the dendronized (meth)acrylates starting from gallic 
acid ethylester is outlined. The synthesis comprises 4 steps. The first goal was to synthesize 
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alcohlol 3 which could be easily functionalized with a polymerizable group, such as 
methacrylate or acrylate groups. 
Direct aminolysis of ester 2 at 140 °C for 24 h with an excess of  3-hydroxypropylamine 
which served also as a solvent yielded compound 3 which was isolated via aqueous work-up 
in good yield (87 %). Introduction of the  methacrylic group via enzymatic transacylation of 
vinyl methacrylate was performed with an excess of vinyl methacrylate, which served also as 
solvent. After purification the desired macromonomer 4a was obtained good yield (88 %). 
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Figure 2 1H NMR spectrum of 3,4,5-tris(dodecyloxy)-N-(3-hydroxypropyl)benzamide 3 (# - CDCl3) 
 
The structure of alcohol 3 was proven by 1H and 13C NMR analysis (Figure 2). Only 
expected signals are observed. The triplet at δ = 6.76 ppm (e) suggests the successful amide 
bond formation during aminolysis of ester 2.  The triplet at δ = 3.69 ppm (h) corresponding to 
the methylene protons next to hydroxyl group and the singlet at δ = 6.97 ppm (d) 
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corresponding to the aromatic protons are in a ratio 1:1 further confirming the successful 
formation of the amide 3.   
 
ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure  3 1H NMR spectrum of 3-(3,4,5-tris(dodecyloxy)benzamido)propyl methacrylate 4a              
(# - CDCl3) 
 
After purification the molecular structure of the methacrylate was studied by 1H NMR 
spectroscopy (Figure 3).  Three new signals appeared. The singlet at δ =1.95 ppm (i) is 
assigned to the methyl protons of the methacrylate group and the singlets at δ = 5.58 ppm (j’) 
and 6.12 ppm (j) to the protons attached to the double bond. Moreover the triplet 
corresponding to the methylene protons adjacent to the OH group of 3 (see Figure 2) signal h 
are downfield shifted for the product 4a and appear at δ = 4.30 ppm (Figure 3) signal h 
further confirming the successful introduction of the methacrylate group. 
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The synthesis of dendronized acrylate 4b which was performed in methylene chloride in the 
presence of triethylamine yielded the acrylate 4b in good yields (76 %). The molecular 
structure of dendronized acrylate 4b was investigated via 1H NMR spectroscopy (Figure 4). 
The acrylate group results in three signals assigned to protons attached to sp2 hybridized C-
atoms (j’, i, j) at δ = 5.87 ppm, δ = 6.14 ppm and δ = 6.40 ppm, respectively. Moreover the 
triplet of the methylene protons attached to the OH group of the alcohol 3 at δ = 3.69 ppm (h) 
disappered (see Figure 2) and the corresponding methylene protons (h) next to the acrylate 
group in 4b are downfield shifted and appear at δ = 4.31 ppm (see Figure 4). 
 
ppm (t1) 0.01.02.03.04.05.06.07.0
 
Figure 4 1H-NMR spectrum of 3-(3,4,5-tris(dodecyloxy)benzamido)propyl acrylate 4b (# - CDCl3) 
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DSC analysis of macromonomers 3 and 4a 
Prior to polymerization of the macromonomer we analyzed weather the methacrylate 
4a and its precursor 3 display thermotropic (columnar) liquid-crystalline properties.7 The 
DSC trace of the new wedge-shaped monodendron 3 with a hydroxypropyl group at the focal 
point is presented in Figure 5. On the 1st heating an endothermic transition at 38.9 °C occurs 
with a small enthalpy of 2.1 J/g. At 63.9 °C the sample melts (∆Hm = 86.6 J/g). On cooling, at 
31.6 ° C a sharp exothermic peak with a high transition enthalpy of ∆Hc = -71 J/g suggesting 
crystalization occurs. Upon second heating the sample melts at 48.4 °C with melting enthalpy 
69.7 °C. According to thermal optical polarizing microscopy TOPM investigation, this peak 
corresponded to the isotropization of a crystalline phase. 
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Figure 5 DSC trace of 3,4,5-tris(dodecyloxy)-N-(3-hydroxypropyl)benzamide 3. (1-1st heating,         
2-cooling, 3-2nd heating (heating rate 10 °C/min) 
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DSC trace of the macromonomer 4a is presented in Figure 6. On the 1st heating an 
endothermic transition at 16.6 °C occurs characterized by a small enthalpy of 3.3 J/g. At 55.3 
°C characterized by a melting enthalpy of 101.6 J/g the sample melts into the isotropic state. 
On cooling at 17.5 ° C a sharp exothermic peak with high transition enthalpy (-62.0 J/g) is 
observed. On second heating an endothermic transition at 19.1 °C characterized by a small 
enthalpy of 3.4 J/g, an exothermic transition at 20.5 °C with very small transition enthalpy of 
-0.86 J/g with following melting at 48.6 °C (∆Hm = 48.5 J/g) occurs. According to TOPM 
investigation, this peak corresponded to the isotropization of a crystalline phase. 
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Figure 6 DSC trace of 3-(3,4,5-tris(dodecyloxy)benzamido)propyl methacrylate 4a. (1-1st heating,       
2-cooling, 3-2nd heating (heating rate 10 °C/min) 
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AIBN initiated free radical polymerization of 4a 
First the starting material – the macromonomer 4a – was analyzed via GPC in THF using 
poly(methacrylate) standarts. The GPC trace of macromonomer 4a in THF using 
poly(methacrylate) standarts is presented in Figure 7. From the results obtained one can 
conclude that the macromonomer is monodispers without any defect in its structure. 
Then the macromonomer 4a was subjected to free radical polymerization using AIBN (0.1 
mol %) as initiator in toluene at +80 °C. After 24h the crude product was analyzed via GPC 
under the conditions used for the macromonomer. The GPC (Figure 8) shows the formation 
of polymer (Mn = 125.000, Mw = 4.900.000, Mw/Mn = 39.2) and unconverted macromonomer. 
The fact that the obtained molecular weight distribution reveals a high value can probably be 
explained by the formation of branched macromolecules during the polymerization reaction. 
Closer inspection of the distribution of the formed polymer 5a reveals at least one shoulder. 
This is explained by the formation of branched dendronized macromolecules.8 Depending on 
the reaction conditions branched dendronized polymers were obtained and directly visualised 
using scanning force microscopy (SFM) of single molecules.8,9 
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Figure 7 GPC trace of macromonomer 3-(3,4,5-tris(dodecyloxy)benzamido)propyl methacrylate 4a 
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Figure 8 GPC trace of the reaction mixture obtained after a polymerization of 4a; polymer (P) and 
unreacted monomer (M) obtained 
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The 1H NMR spectrum of the raw material obtained from the polymerization reaction is 
presented in Figure 9. Broadening of signals unambiguously suggests the formation of 
polymer. 
 
 
Figure 9 1H NMR spectrum of the raw product of the polymerization reaction (in CDCl3) 
. 
Conclusions 
Two new monodendritic macromonomers methacrylate 4a (synthesized via chemo-
enzymatic approach) and corresponding acrylate 4b were prepared. The monodendritic 
macromonomer 4a is a crystalline compound as concluded from the combined DSC and 
TOPM analysis. Monodendritic methacrylate 4a was polymerized via free-radical 
polymerization to yield polymer (Mn = 125.000, Mw = 4.900.000, Mw/Mn = 39.2) and 
unconverted macromonomer. 
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Experimental 
Materials 
1-Bromododecane (97%), acryloyl chloride (98,5+%), 3-amino-1-propanol 99%),  vinyl 
methacrylate (98%),  ethyl 3,4,5-trihydroxybenzoate (98%), and anhydrous calium carbonate 
(K2CO3), natrium hydroxide (NaOH) were purchased from Aldrich and used as received. 
Novozyme 435 (Lipase B from Candida antarctica immobilized on a macroporous resin, 
10.000 U·g-1, Sigma-Aldrich) was dried in vacuum at room temperature for 24 h and stored 
under nitrogen, 2,2'-azoisobutyronitrile (AIBN), (98+%), triethylamine, ethanol, 
dichloromethane, and chloroform were purchased  from Fluka, dimethylformamide (DMF) 
was dried over calcium hydride (CaH2) for 12 h and distilled under vacuum.  
Synthesis 
3,4,5-Tris(dodecyloxy)-N-(3-hydroxypropyl)benzamide 3 
Ethyl 3,4,5-tris(dodecyloxy)benzoate 2 (8.84g, 12.6 mmol, 1 eq) and excess of 3-hydroxy 
propylamine (37g, 0.50 mol  40 eq) were heated to 140 °C. After 27 h the hot reaction 
mixture was poured into ice water. The formed brownish precipitate was filtered and washed 
with distilled water. After drying in vacuo a brownish solid (8.03 g) was obtained which was 
used for next step without further purification. Yield: 87 %. 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.27 (m, 54H), 1.79 (m, 8H), 3.27 (broad s, 
1H), 3.58 (q, 2H), 3.69 (t, 2H), 3.98 (t, 6H), 6.76 (t, 3H), 6.97 (s, 2H) ppm. 
3-(3,4,5-Tris(dodecyloxy)benzamido)propyl methacrylate 4a 
3,4,5-Tris(dodecyloxy)-N-(3-hydroxypropyl)benzamide 3 (3g), vinyl methacrylate (15 mL) 
which served also as  solvent and Novozym 435 (0.3 g) were stirred at + 70 °C for 2 days. 
Then the reaction mixture was cooled to room temperature, the excess of vinyl methacrylate 
removed in vacuo. The residue was dissolved in chloroform (30 mL) and the Novozyme 435 
was removed bz the filtration. The organic phase was washed with water (10 mL), separated, 
dried and the solvent evaporated in vacuo to yield a yellowish solid (2.87 g). Yield: 88 % 
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1H NMR (CDCl3/TMS/300 MHz/ δ): 0..88 (t, 3H), 1.27 (m, 54H), 1.80 (m, 6H), 1..94 (overlapped 
s, 3H), 1.99 (overlapped t, 2H), 3.49 (q, 2H), 4.00 (m, 6H), 4.30 (t, 2H), 5.58 (s, 1H), 6.12 (s, 1H), 
6.64 (t, 1H) 7.01 (s, 1H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 18.3, 22.7, 26.1, 29.4, 29.7, 29.7, 30.3, 31.9, 58.6, 
62.2, 69.3, 73.5, 105.6, 126.0, 129.4, 136.1, 141.1, 153.1, 167.4, 167.8 ppm.  
3-(3,4,5-Tris(dodecyloxy)benzamido)propyl acrylate 4b 
3,4,5-Tris(dodecyloxy)-N-(3-hydroxypropyl)benzamide 3 (1g, 1.37 mmol, 1 eq), was dissolved 
in methylene chloride (20 mL) and cooled to 0 °C. Then triethyl amine (0.146 g, 1.44 mmol, 1.05 
eq) in methylene chloride (2 mL) was added dropwise. Finally, acroyl chloride (0.130 g (1.44 
mmol, 1.05 eq) in methlylene chloride (2 mL) was added dropwise and the reaction mixture 
stirred over night. For work up methylene chloride (150 mL) was added and the solution was 
washed 3 times with distilled water (50 mL). The organic phase was separated, dried, the 
solvent was evaporated and the residue dried in vacuo. A slightly yellowish solid (0.82 g) was 
obtained. Yield: 76 %. 
1H NMR (CDCl3/TMS/300 MHz/ δ): 0.88 (t, 3H), 1.27 (m, 54H), 1.80 (m, 6H), 1.99 (m, 2H), 
3.49 (q, 2H), 4.01 (m, 6H), 4.31 (t, 2H), 5.87 (dd, 5.83 1H), 6.14 (m, 1H), 6.40 (dd, 1H), 6.61 (t, 
1H), 7.00 (s, 1H) ppm. 
13C NMR (CDCl3/TMS/75 MHz/ δ): 14.1, 22.7, 26.1, 28.8, 29.4, 29.5, 29.6, 29.7, 29.7, 30.3, 
32.0, 36.7, 62.1, 69.3, 73.5, 105.6, 128.2, 129.4, 131.3, 141.1, 153.1, 166.6, 167.4 ppm. 
Poly(3-(3,4,5-tris(dodecyloxy)benzamido)propyl methacrylate) 
3-(3,4,5-Tris(dodecyloxy)benzamido)propyl methacrylate 4a (1g), AIBN (0.1 mol%) was 
dissolved in toluene and stirred at + 80 °C under nitrogen for 24 h. Then the sample was taken 
for NMR and GPC analysis. 
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          Appendix C 
 
Sacrificial protective layer for 
hydrophilic self cleaning glass 
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Introduction  
Progress in the understanding and fabrication of surfaces with controlled wetting properties 
allowed the emergence of contamination free surfaces (or “no clean”). A familiar example is 
the so called Lotus effect or ultra-hydrophobic surface which combines multi-scale surface 
roughness and non wetting surface chemistry.1 On such surfaces, droplets have minuscule 
contact areas and drip off easily taking powder-like contaminants along. Conversely, self 
cleaning mechanisms of ultra-hydrophilic surfaces rely on the flow of the liquid film. Ultra-
hydrophilic surfaces are wetted easily: if the surface is inclined, it is the flowing liquid film 
that carries the dirt along.2,3,4,5 
Wettability, however, is not the only desired functionality: there are many additional 
requirements for surfaces in day-to day use. For most glass applications, transparency or low 
scatter is essential. The ultra-hydrophobic approach to glass surfaces presents a fundamental 
problem: the substrate roughness may hinder transparency owing to scatter losses. For self 
cleaning glass surfaces based on the ultra-hydrophilic approach, the most interesting, and also 
with respect to applications the furthest developed route, has emerged by using TiO2 as a 
surface coating. TiO2 is an example of photocatalytically active metal oxide. Under exposure 
to ultraviolet light, it shows extremely small contact angles of less than 1°.6 The origin of this 
light-caused wettability enhancement is not fully understood.7,8 
The main advantage of these surfaces is the combined hydrophilicity and photodegradation 
effect, which significantly aids in the cleaning process. Although the ultra-hydrophilic effect 
is reversible in principle, the ageing of these surfaces under real conditions is not known. 
Recently effort has been taken to quantify the influence of the atmospheric pollutants e.g. 
soiling, and ageing on the self cleaning glass functionalities.9 In particular, pollutants that 
leach from siloxane based resin which is often used to seal the glass on a frame. Such 
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contaminants are hydrophobic and promptly spread on ultra-hydrophilic surface, resulting in a 
thin hydrophobic layer which may be detrimental to the TiO2 photocatalyst.10,11,12,13  
Leaching is a well known phenomenon in silicone based resins.8 The reason is the 
occurrence of chemical degradation of the sealant in the first time after curing and release of 
siloxane oligomers during hardening that is specific for silicone chemistry. In general 
formulations of curable silicone resins contain low molecular weight cross linking agents, 
catalysts and plasticizers; a balance between cross linking density and mechanical properties 
is often a challenge in formulation.14 Besides that, additional processes like chain scission 
owing to the lability of the silicone carbon bond (Si—C) towards acidic and alkaline 
conditions may also occur during initial exposition to environmental conditions. Moreover, 
spreading of the residual siloxane is favoured on the hydrophilic SCG surface since, the TiO2 
surface is a high-energy one and therefore should be wetted by most liquids in particular by 
the low surface tension siloxane.10 Such contaminants not only are hydrophobising the surface 
but are also known to hydrolyse and condense under the influence of ambient humidity and 
radiation to form thin layers of SiO2.15 It is this layer which alters irreversibly the 
photocatalytic activity of the TiO2. 
In this work we considered the possibility to prevent these hydrophobic contaminants by 
protecting the SCG surface with a thin sacrificial hydrogel layer. This requires a hydrophilic 
and water insoluble polymer layer with enhanced adhesion toward TiO2 support. The polarity 
of the hydrogel layer facilitates spreading of the siloxane residues and drastically reduces their 
adherence to the surface. However, since the TiO2 photocatalyst is actively decomposing the 
hydrogel layer, care has to be taken to match the photodecomposition rate of the protective 
layer to the leaching rate of the sealant. While adhesion and hydrophilicity can be easily 
fulfilled controlled photodecomposition of the protective layer with respect to curing and 
ageing of the silicones resin is a challenging problem. 
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In this respect we report on the design and synthesis of a new polymer - poly(acrylic acid-
co-allyl acrylate) - that can be used to formulate a protective coating for SCG. The acrylic 
acid monomer has been selected because of its polarity and its spontaneous and specific 
binding to TiO2 through hydrogen bridges. It is demonstrated that, incorporation of a UV 
crosslinkable unit along the polymeric chain will ensure water insolubility of the coating. 
Furthermore, the hydrophilicity and the performance of such a layer in protecting the SCG 
were tested in ambient light and in real atmospheric conditions. 
 
Results and Discussion  
Free radical polymerization and copolymerization of allyl acrylate (AA) with alkyl 
(meth)acrylates and styrene leads to a cross linked polymer even at low conversion. This 
result is the consequence of the structure of AA with two reactive double bonds; a highly 
reactive C,C double bond in the acrylate - and a less reactive C,C double bond in the allyl 
group.16 In contrast, polymerization of AA and copolymerization of AA with alkyl acrylates 
using ATRP offers the possibility to obtain linear soluble copolymers suitable for cross 
linking in a later stage. In ATRP due to the low concentration of radicals only the acrylate 
group participates in the chain growth reaction leaving the allyl group unchanged.17 
Copolymerization of tert.butyl acrylate and allyl acrylate via ATRP was chosen because 
the method allows synthesizing polymers containing tert.butyl and allylic side groups in the 
same molecule. By removing the tert.butyl group a highly hydrophilic copolymer - 
poly(acrylic acid-co-allyl acrylate) – is obtained with the potential of cross linking due to the 
C,C double bonds in the allyl group. This copolymer can not be obtained by direct 
copolymerization of acrylic acid with allyl acrylate because the acid monomers poison the 
ATRP catalyst by coordination of the transition metal or by protonation of the nitrogen atoms 
of the ligand.18  
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In the first step the commercially available acrylic monomers were copolymerized in a 
controlled manner using ATRP (Scheme 1). The results are summarized in Table 2 (cf. 
experimental part). 
In the first step two linear precursors of poly(tert-butyl acrylate-co-allyl acrylate) with 
different ratio of the repeating units were successfully prepared: tBuA/AA: (95/5) and 
(90/10). The reproducibility of the reaction was proven.  
1H-NMR analysis shows all expected signals: for the allylic groups at δ = 4.55 (–CH2–
CH=CH2–), 5.23 (–CH2–CH=CH2) and 5.91 ppm (–CH2–CH=CH2–) and for the tert-butoxy- 
group (–OC(CH3)3 ) at δ = 1.27 ppm. GPC analysis indicates that the copolymer has an 
average molecular weight of ca. 5000 g/mol which is in very good agreement with the 
theoretical value. In addition a low polydispersity index (Q = 1.23) was observed as expected 
for a controlled radical polymerization. Hydrolysis of the tert.butyl ester groups was 
performed in CH2Cl2 in presence of trifluoracetic acid (TFA) at room temperature for 24h. 
1H-NMR analysis clearly indicates that the signal derived from the tert-butoxy groups at δ = 
1.27 ppm vanished and therefore the hydrolysis is quantitative. Moreover during hydrolysis 
the copolymer becomes insoluble and precipitates spontaneously allowing an easy isolation of 
the product as a white powder.  
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Scheme 1. A Synthesis of poly(acrylic acid-co-allylacrylate), the linear precursor for the cross 
linked hydrophilic polymer film. 
 
 Bulk reticulation 
The efficacy of low amounts of allylic groups along the backbone to generate cross-linked 
material was tested. A defined amount of polymer poly(acrylic acid-co-allyl acrylate) 90/10 
was dissolved in THF to yield a concentration of 0.1g/mL followed by addition of photo-
initiator 2 wt.% as well as the addition of an accelerator 3 wt.%. Complete dissolution 
preventing crosslinking was ensured by stirring the mixture at room temperature in the dark. 
After evaporation of the solvent, the sample was irradiated for 4 hours with a 300 W UV 
lamp; the distance between sample and lamp was 30 cm. After that THF was added to the 
solid material and allowed to stay over night in the dark. The solvent was removed and the 
sample was dried at 50°C for 4 h. The insoluble part of the film was estimated by weighing 
the cross-linked polymer. The result showed that 82 wt % of the solid material is insoluble. 
These cross-linking conditions were taken as a reference in thin film investigation.  
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 Cross-linked thin films 
First the film forming properties of poly(acrylic acid-co-allylacrylate)s was investigated. 
Coatings of the polymers onto SiO2 substrates were prepared by spin coating of solutions with 
increasing polymer concentration. Optical microscopy showed that the coating on a SiO2 
substrate was smooth and homogenous before and after UV irradiation (Figure 1). 
 
 
 
 
 
 
 
 
 
Figure 1. Optical micrograph of the surface of a thin poly(acrylic acid-co-allylacrylate) 
layer  
(molar ratio 90/10). The film was cast from 10wt % THF solution and irradiated with a UV 
lamp (6mW/cm2) for 4 hours through a shadow mask. The arrow indicates the border 
between the irradiated and non-irradiated area. 
200µm
non irradiated
area irradiated area
 
 
Essentially, coatings prepared from poly(acrylic acid-co-allyacrylate) (molar ratio 90/10) and 
long irradiation time yielded in water insoluble coatings. Note that these cross linking 
conditions are comparable to those of the bulk material. 
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Second the influence of the copolymer composition, ratio of acrylic acid to allyl acrylate 
repeating units, on thin film reticulation was investigated. It is expected that the solid/air 
interface may reduce the cross linking density resulting in poor cross linking efficiency and 
consequently to poor film stability due to the soluble fraction. To this end we focused on 
qualitative analysis of the stability of thin films upon water droplet deposition. The variables 
are the molar content of the reactive groups in the copolymer, the photoinitiator and the 
accelerator concentration. Thin films of different molar compositions on SiO2 substrates were 
prepared by spin coating. The results are summarized in Table 1, in all cases homogeneous 
films were obtained before and after irradiation (see Figure 1). From table 1 one can conclude 
that the optimum results in terms of the shortest irradiation time and the film insolubility are 
obtained with the urethane dimethacrylate as accelerator and a copolymer with a molar 
composition of acrylic acid to allyl acrylate of 90/10, respectively. 
The hydrophilicity of the coating on a model substrate was tested by the sessile droplet 
method. Only contact angle measurements on water insoluble coatings are reported. The UV 
crosslinked coating exhibited a contact angle of less than 20° suggesting a hydrophilic surface 
as expected for a thin hydrogel layer of polyacrylic acid. These results are in contrast to the 
literature data [19,20] on adsorbed or plasma grafted poly(acrylic acid) layers which show a 
contact angle of 45°-50° and suggest that the cross-linked poly(acrylic acid) coating behaves 
like thin hydrogel layers. 
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Table 1. Water solubility of the coating: Effect of the ratio of repeating units, the 
photoinitiator, the accelerator and the irradiation time. 
Copolymer 
acrylic acid/ 
allyl acrylat 
Photoinitiator1 
in wt. % 
Accelerator 
in wt. % 
Irradiation 
time 
in h 
Optical 
Microscopy 
observation 
2 22 2 soluble 
P(acrylic acid-co-AA) 
95/5 3 32 4 partial soluble 
3 22 2 partial soluble 
2 32 4 insoluble 
P(acrylic acid-co-AA) 
90/10 
 2 53 2 insoluble 
1
 2,2 dimetoxy-2-phenylacetophenone; 2 Di-(ethylenglycol)-dimethacrylate; 3 urethane 
dimethacrylate: 7,7,9-trimethyl-4,13-dioxo-3,14-dioxa-5,12-diazahexadecane-1,16-diyl bis(2-
methylacrylate) 
 
A protective coating should preserve the optical transparency of the SCG. At this stage we 
believed that coating with a thickness of ca. 100 nm or less has minimum impact on the 
optical properties; the reason is the high refractive index of titanium dioxide layer (2.1-2.7) 
compared to a thin polymer coatings (1.45).21 The film thickness is readily variable through 
the polymer concentration and the casting processes e.g. spin coating, dip coating or spraying. 
Coating processes are not the scope of this work, however, since we were interested in 
coating large glass surfaces efforts have been taken to show the feasibility of solution 
spraying as the most suitable technique. Therefore, we qualitatively assessed the influence of 
the polymer concentration as well as the deposition process mainly spin- coating versus 
spraying on the layer thickness. 
Both processes showed a monotonic increase of the thickness with the polymer concentration. 
As expected, the difference between the two methods is the deposited amounts which were 
higher for solution spraying (Figure 2). This is particularly true since the thickness was 
evaluated form the sprayed volume and the deposited amount vary with the pressure 
employed during the spraying process. The dependence illustrated in the right graph of Figure 
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2 should be regarded as tendency since we systematically overestimate the thickness. In 
contrast, the ellipsometry data on the spin coated films are more accurate. For instance 
increasing the concentration from 0.1wt % to 5wt % resulted in films with thickness of 10nm 
and 500nm, respectively. 
The spin coating process is certainly not appropriate to coat large surfaces, however, the 
accuracy of the results demonstrate that the copolymer spreads evenly on the silicone 
oxide/air interface leading to a thin homogenous layer down to the nanometre scale. We 
anticipate that the copolymer behaves in a similar way on SCG since adsorption is known to 
take place by hydrogen bonding on the titanium dioxide providing a homogenous coating 
with good adhesion to the support.22,23 
 
Figure 2. Dependence of the polymer concentration on the film thickness as well 
as on the processing condition. a) Film prepared via spincoating (1). (b) Film 
prepared via spraying (2), calculated film thickness (3).  
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Functionalities of the thin hydrogel layer 
The polarity and the homogeneity of cross-linked copolymer coatings motivated us to 
further probe the ability of such layers to maintain the hydrophilic properties of SCG in 
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presence of hydrophobic siloxane residues. Therefore solution of 2wt % solid content were 
formulated and sprayed on activated SCG. To ensure that a water insoluble crosslinked 
polymer layer is formed the coated SCG was exposed for 2 hours to UV irradiation. Such 
treatment yielded in an optically homogenous hydrophilic surface with a water contact angle 
less than 20°. Subsequently two types of sealants were applied on the edge of the coated 
surface and the contact angle of a water droplet was measured as function of time. The 
resulting contact angles are plotted versus time (Figure 3; the origin denotes the time at which 
the silicon resin was applied). While the uncoated SCG becomes hydrophobic within a few 
hours after deposition of the sealant, the coated SCG preserves the initial hydrophilicity of the 
surface. Ageing of the sealant under ambient light and room temperature does not influence 
the results; the low contact angle of the coating on SCG persists over 20 days, whereas, the 
water contact angle of the uncoated SCG was constantly increasing with time which is 
consistent with our previous observations. Predominantly near the sealant within the first 
hour, the hydrophobic residues spread very rapidly to reach up to 10 cm after 20 hours. The 
performance of the protective copolymer layer in preventing the contamination of SCG 
surface by the hydrophobic siloxane residues has been demonstrated to last over a month with 
contact angle values that do not exceed 20°. It should be noted that this duration is longer 
compared to the curing time of the silicon resin. 
To understand this result we considered the spreading parameter of siloxane residues on 
the two types of interface: Titanium dioxide/air and copolymer/air.  
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Figure 3. (a) Effect of the sealant on the contact angle of a water droplet 
measured on protected and unprotected SCG as a function on time. (The origin 
denoted the time at which the silicone seal was applied.) In the right are 
photographs of the SCG samples wherein the sealants geometry (black) was 
varied. Below a side view of a water droplet on protected SCG is shown. 
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It is well know that when a liquid drop is deposited on a solid, three interfaces come into play, 
and the three corresponding interfacial tensions: the solid-air  interfacial tensions  (γSA), the 
solid-liquid interfacial tensions  (γSL), and the liquid-air interfacial tensions (γLA), 
respectively. These interfacial tensions measure the free energy (per unit area) associated with 
an increase in the corresponding interface.24 The spreading parameter S = γSG- γSL- γLG is the 
energy gained when covering one unit area of the dry solid with a flat liquid film of 
macroscopic thickness. 
If S is negative, the situation where the solid is covered by a liquid film is not favourable. The 
equilibrium shape of the drop is a spherical cap, characterized by its equilibrium contact angle 
θ, the solution of Young’s equation cosθ = (γSG- γSL)/ γLG .25 
If S is positive, the liquid spreads and tends to cover the maximum solid surface. Thus S = 0 
appears as criterion to distinguish between partial and total wetting.26  
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Yet if we consider the surface energy of the titanium dioxide as γTiO2/air ~ 280-380 
mN/m27,28,29 and assuming that the surface tension of the siloxane residue to be similar to 
polydimethylsiloxane PDMS γSiloxane/air~ 18-20 mN/m, we conclude that the spreading 
parameter must be positive since the interfacial energy γTiO2/Siloxane can not be larger than few 
tens of mN/m.29 This is in agreement with the observed spontaneous contamination of the 
SCG surface by the siloxane residues (γTiO2Air> γ TiO2/Siloxane+ γSiloxane/air). Following the same 
reasoning but replacing the titanium dioxide interface by the protective copolymer layer we 
get to the same conclusion (S>0). Given that the surface energy of the copolymer protective 
layer is larger than that of the siloxane residue γPAA/air~ 50-68mN/m30,31; and the interfacial 
energy between the siloxane residues and the polyacrylic acid is below γ
 PAA/Siloxane~0.1mN/m. 
32
 Thus spreading of the hydrophobic residues is expected to occur on the protective coating.  
This was confirmed by coating half of the available glass surface with a protective layer; the 
layer was prepared as described before. The sealant was deposited only on the protected area 
in a way that the residual siloxane has to spread over the copolymer layer before 
contaminating the uncovered part of the surface. This is illustrated in Figure 4 wherein the 
resulting values of the water contact angle are indicated as a function of time. While the 
protected area was maintained hydrophilic, the bare SCG surface becomes hydrophobic after 
longer time as evidenced by the contact angle values. The effect was assigned to the siloxane 
residues that spread over the protective layer. These results comply with our understanding of 
the interfacial interactions which favours the spreading of the low surface energy hydrophobic 
residues on both protected and unprotected hydrophilic SCG. More important is the fact that 
the siloxane residues are more weakly bonded to the copolymer layer (physisorbed)33,34 than 
on the titanium dioxide surface.35,36 Formation of a water film provokes desorption of the 
siloxane from the copolymer interface and favour their spreading on water air surface. This is 
likely what happening whenever we measured water contact angle on contaminated protective 
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layer. As a consequence the role of the copolymer layer is two fold: it enhances the spreading 
of the hydrophobic residues and reduces their adhesion to the support. Both effects markedly 
contribute to facilitate removable of the silicone residues. 
Figure 4. Partially protected SCG contaminated at the end of the protected area 
(black   sealant): contact angles at different times from contamination. The 
discontinuous line indicates the end of the protective coating. 
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The viability of the approach was also supported by measuring the photodecomposition rate 
as a function of the radiation time for given film thickness. The rate of photooxidation of the 
protective layer was estimated by measuring the rate of decrease in the integrated IR 
absorbance associated with C-H stretching vibration under artificial sun light37 (6mW/cm2).  
The results are displayed in Figure 5. It is shown that UV irradiation of a layer of 100nm last 
up to 40h. As expected the protective layer is indeed not permanent. Decomposition occurs 
quite fast during the first 4 hours of irradiation. After this period the concentration decreases 
almost linearly with time. If the initial amount of polymer is set equal to 100% the average 
rate of decomposition can be calculated to be about 2.5% per hour. The accelerated test, 
however, provides only a hint on how long the layer will last till it photo-decomposes by the 
underlying TiO2 layer. From the model studies it was demonstrated that under ambient light 
the protective layer persists for longer time and preserves its hydrophilicity up to 700h. 
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Figure 5. Intensity of the C-H vibration band as a function of UV irradiation time. 
(The measurement was done on copolymer protective layer with thickness of 100 
nm. 
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In fact a real field test was also considered on a large glass surface fixed on the frame by a 
silicone seal. The results of the field exposition, conducted at St- Gobain, are consistent with 
the model experiments and show that the hydrophilicity of the glass surface is preserved for 
more than one month. By comparison of the time needed for the silicone resin to cure and 
harden to the photodecomposition time of the protective layer we can fairly assume that the 
two processes are occurring in similar time scale. 
Experimental Section 
Materials 
Allyl acrylate (AA, 85%, Lancester), tert.butyl acrylate (t-BuA, 99%, Acros), were filtered 
through an Al2O3 column before use. Ethyl-2-bromoisobutyrate (EBriB, 98%, Lancester), 
copper(I) bromide (>98%, Fluka), N,N,N’,N’’,N’’-pentamethyl diethylene triamine 
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(PMDETA, >98%, Merck), acetone (99, % Aldrich ), trifluoro acetic acid (99,% Aldrich), 
2,2-dimethoxy-2-phenylacetophenone (99%, Aldrich) were used as received. 
All ATRP reactions were carried out in nitrogen atmosphere. Nitrogen (Linde 5.0) was 
passed over molecular sieves (4Å) to eliminate traces of water. 
 
 
 
Synthesis 
Copolymerization of tert-butylacrylate and allyl acrylate via ATRP 
In a dry Schlenk tube acetone (6 mL), CuBr (1.11 mmol, 0.16 g), PMDETA (1.33 mmol, 
0.23 g), tert.butyl acrylate (t-BuA) (39.0 mmol, 5 g) allyl acrylate (AA) (4.33 mmol, 0.57 g) 
and ethyl-2-bromoisobutyrate (EBriB) (1.11 mmol, 0.22 g), were mixed and stirred under 
nitrogen. The reaction was started by immersion of the Schlenk tube with the heterogeneous 
reaction mixture into an oil bath at 40°C. After 30 h the Schlenk tube with the dark green 
heterogeneous reaction mixture was cooled by a stream of cold water and diluted with 
CH2Cl2. To oxidize the copper complex the mixture was stirred in air. The oxidized copper 
complex was removed by adsorption on aluminium oxide and subsequent filtration. The 
obtained colourless filtrate was precipitated in a mixture of H2O/CH3OH (50/50). The 
polymer was obtained as a white powder. To prevent cross linking the flask was protected 
with aluminium foil against light. 
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1H-NMR (CDCl3): δ = 1.44 (broad s, 9H, H-4a, H-4b, H-4c); 4.55 (s, 2H, H-3); 5.20-5.34 (m, 
2H, H-1); 5.88-5.92 (m, 1H, H-2) ppm. 
The composition of poly(AA-co-tBuA) coresponds to the composition in the feed and is AA/ 
tBuA = 10/90. Poly(AA-co-tBuA) with a ratio of AA/ tBuA = 5/95 was obtained according to 
the same procedure using the composition in the feed given in Table 1.  
Table 1. Copolymerization of tert.butylacrylate (t.BuA) and allyl acrylate (AA): feed 
composition and product yield 
Feed composition Product Polymer 
AA/ t-BuA 
 
t-BuA 
mmol 
AA 
mmol 
CuBr 
mmol 
PMDETA 
mmol 
EBriB 
mmol 
acetone  
mL 
mexp 
g 
Yield, 
% 
P(AA-co-tBuA), 
5/95 
39.0 2.10 1.10 1.30 1.1 6.0 1.6 30 
P(AA-co-tBuA) 
10/90 
39.0 4.33 1.11 1.33 1.11 5.0 2.0 36 
 
 
Removal of the tert.butyl protection group 
Poly(tert.butyl acrylate-co-allyl acrylate) (1g, 7.9 mmol repeating units) was dissolved in 
CH2Cl2 (20 mL). TFA (4.05 g, 35.5 mmol) was added slowly and the reaction mixture was 
stirred at r.t. for 24 h. The deprotected copolymer – poly(acrylic acid-co-allyl acrylate) 
precipitates from the reaction mixture. The product was filtered, then dissolved in THF and 
precipitated in hexane. After decantation and drying in vacuo a white powder was obtained. 
Yield 82 %. 
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1H-NMR (DMSO): δ = 4,49 (s, 2H, H-3); 5,17-5,28 (m, 2H, H-1); 5,79-5,84 (m, 1H, H-2) 
ppm. 
 
Measurements 
NMR Spectroscopy: 1H and 13C NMR spectra were recorded on a Bruker DPX-300 FT-
NMR spectrometer at 300 MHz and 75 MHz, respectively. Dimethyl sulfoxide (DMSO-d6) or 
chloroform (CDCl3) was used as the solvent. Tetramethyl silane (TMS) served as internal 
standard.  
Gel permeation chromatography (GPC) analyses were carried out using a high pressure 
liquid chromatography pump (ERC HPLC 64200) and a refractive index detector (ERC 
7515A) at 35°C. The eluting solvent was tetrahydrofuran (THF) with 250 mg·L-1 2,6-di-tert-
butyl-4-methylphenol (Aldrich) and a flow rate of 1.0 mL·min-1. Four columns with MZ-DVB 
gel were applied. The length of each column was 300 mm, the diameter 8 mm, the diameter of 
the gel particles 5 µm, and the nominal pore widths were 50, 100, 1000 and 10000 Å. 
Calibration with poly(methyl methacrylate) (PMMA) standards was used to estimate the 
molecular weights. 
Film preparation: A defined amount of polymer was dissolved in THF and filtered 
through a 0.2 µm pore size filter prior use. The films were prepared either by spin coating or 
by spraying a dilute polymer solution onto substrates. To asses the layer homogeneity, the 
minimum thickness and the coating performance two types of substrates were studied. 
Silicone oxide as model surface since it has low roughness and high reflective index 
 166 
compared to SCG substrates. The thickness of the coating was controlled by the polymer 
concentration. Systematic variation of the polymer concentration from 10 wt% down to 0.1 
wt% yields coatings that span the range from hundreds down to tens of nanometre. 
Substrates and cleaning procedure:  
The self-cleaning glass SCG, activ and bioclean38,39, was provided by Pilkington UK and 
Saint Gobain glass Germany, respectively. The Glass is coated with titanium dioxide (TiO2) 
photocatalyst in its nanocrystalline anatase form. TiO2 is deposited onto 4 mm float glass as a 
thin film (typically 10-20 nm) by an atmospheric pressure chemical vapour deposition 
technique, APCVD. A barrier layer of silicon oxide is necessary between the soda-lime 
silicate glass substrate and the deposited titanium dioxide layer to prevent alkaline metal ion 
migration between these two layers. The TiO2 free glass, Planilux, was provided by Saint 
Gobain Recherche (France). 
The glass sample has a rectangular shape with a size of (130 x 45) mm2. The glasses were 
cleaned with detergent and extensively rinsed with demineralised water and methanol. The 
dried glass samples were exposed to UV irradiation for 4 hours. Systematically the contact 
angle of water droplet on the activated SCG surfaces was measured and found to be below 
20° which indicates the cleanness of the surface and the photo-activation of the TiO2 layer. 
    Silicone sealants:  
Silicone sealant is a curable resin designed for general weather-sealing. It is a silicone 
formulation that cures to a flexible rubber designed to seal the glass on a frame. Two types of 
sealants were studied namely DC 791 and DC 756 provided by Dow Corning. According to 
the producer the two formulations differ in the working time 15min for DC791 and 30min for 
DC 756 and in the time free tack 35min for DC 791 and 120min for DC 756. Basically this 
difference indicates to which extend the cross-linking reaction has been proceeded inducing 
increase of the viscosity and in the later curing time hardening.  
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Deposition of curable silicone sealant on glass: 
Defined amount of sealant was applied at the edge of the SCG to cover a surface area of (10 x 
45) mm2. The effect of the sealants on the SCG surface was assessed by measuring the 
variation of the water contact angle with ageing time at room temperature. 
Optical microscopy observations were performed with an optical reflection microscope 
(Zeiss axioplan) equipped with a differential interference contrast (DIC) module. The 
micrograph was acquired with an Axio Cam digital camera. 
Ellipsometry: Layer thicknesses were determined using a MM-SPEL-VIS ellipsometer 
from OMT. The silicon or Glass substrates were examined with a spectral method in the 
wavelength range from 450 to 900 nm. The azimuthal angle was kept at 15 degrees. The 
integration time was dependent on the layer thickness and the resulting signal intensity. The 
main source for systematic errors during the measurements is the correct position of the 
sample. This results in uncertainties in both the angle of incidence and the azimuthal angle. 
This error has been minimized by measuring all samples within one session right after another 
with exactly the same geometry of the device and positioning of the sample holder. Each 
single measurement averaged over the area of 3 × 5 mm. In addition, to further reduce 
systematic errors in the data collection, always one merely cleaned substrate was measured as 
reference in a series of experiments. Statistic errors are thus small but have, however been 
evaluated by measuring 5 different areas on each sample. The presented data are the average 
values of each sample and statistic errors for all samples were <1 nm 
Sessile drop method: The contact angle measurements were carried out on a sessile drop 
G40 instrument (Krüss GmbH). With double distilled water as the wetting liquid, droplets 
were deposited onto substrates and the contact angle values were averaged over 10 droplets. 
IR-Spectroscopy: Photodegradation kinetic of the protective layer was followed by FT-
IR-spectroscopy. Spectra of the coated SCG samples were collected on a Nexus 470 
spectrometer (Thermo Nicolet) using the transmission mode. As the spectral range below 
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2000 cm-1 is obscured by the very strong absorption of the glass only the C-H-stretching 
vibrations of the polymer around 2900 cm-1 could be observed. The band area was determined 
by drawing a baseline and integrating between 3040 and 2745 cm-1. For background 
subtraction we recorded spectra of the SCG without polymer coating.  
Photodegradation rate was estimated by measuring the rate of decrease in the integrated 
IR (spectroscope brand name) absorbance associated with the C-H stretching vibration of a 
thin solution cast film of poly(acrylic acid-co-allylacrylate) during sequential UV irradiation 
with light intensity of 5 mW/cm2 and wavelength range 290-800nm. The photochemical 
process associated with UV irradiation was measured on coated conventional Planilux glass 
(TiO2 free) and found to be marginal with respect to the photocatalytic degradation.  
Conclusions 
In conclusion a concept of a sacrificial copolymer layer for the protection of hydrophilic 
self cleaning glass from silicone residues has been presented. The key step was to prepare a 
copolymer coating which is UV crosslinkable, hydrophilic and water insoluble. We 
provided evidence that a random copolymer having the right molar composition of allyl 
acrylate and acrylic acid repeating units yield a thin hydrogel layer whose thickness is 
readily variable without alteration of the optical homogeneity neither the transparency of 
the coating. The adhesions of the copolymer on the TiO2 and the water insolubility of the 
coating ensured stability of the layer. Water droplets on such coatings adopt a low contact 
angle (below 20°). The hydrophilic surface of the protective layer favoured spreading of 
the silicone residues and in the same time reduces their adhesion to the support. Under 
artificial sun light the protective layer undergoes photooxidation catalyzed by the TiO2. A 
thin sacrificial protective layer of 100nm was stripped within 40h of UV irradiation. Such a 
coating is suitable for glassing application or as non-permanent hydrophilic coating. 
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